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INTRODUCTION 


N THIS and in several subsequent papers we shall endeavor to report our 

laboratory observations in connection with the clinical use of bacteriophage. 
In reviewing the voluminous literature on the subject of bacteriolysis since 
the first reports by Twort' and d’Herelle? one finds that most of the articles 
fall into two groups: one confines itself to various aspects of the phenomenon 
in the test tube, while the other concerns itself purely with its clinical appli- 
cation. Only a few authors have reported experiences with the bacteriophage 
both in the elinie and laboratory and have attempted to set up controlled con- 
ditions for their observations. The reports of test tube phenomena have been 
contributed largely by investigators trying to work out some of the funda- 
mental principles of the reaction, without attempting to apply them elini- 
cally. Their work has been of prime importance for our understanding of 
the nature of the phenomenon and for establishing a rationale for its use, but 
many of the phenomena which have been observed in vitro cannot be dupli- 
cated in vivo, and most of the reports of the clinical application of bacterio- 
phage indicate that the results obtained have been poorly controlled by labo- 


ratory observations. The majority of clinical reports have been favorable. 
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Failures have seldom been published. One does not persist in a method of 
treatment which does not have some degree of success. Therefore. only those 
who have had success have been able to collect a series of cases sufficiently 
large to be impressive, but it may be seriously questioned whether bacterio- 
phage actually changed the course of some of the self-limited diseases which 
lave been treated with it. The commercial exploitation of bacteriophage has 
resulted in its wide use by physicians who are not in a position to determine 
the poteney of the products which they employ and who have made no at- 
lempt to set up control series sufficiently large to make it possible for them to 
properly evaluate their results. 

We seriously question the wisdom of this uncontrolled use of bacterio- 
phage at the present stage of our knowledge, because its successful use prob- 
ably depends upon a combination of conditions intrinsic in the patient, in the 
bacterium econeerned, and in the lytie principle available, as well as upon the 
manner in whieh these are brought together. Certain minimal essentials 
would seem to be required for success, a potent bacteriophage, a susceptible 
infecting organism, an adequate and intimate contact of bacteriophage with 
infeeling organism, and an environment favorable to or at least not antagonistic 
to the interaetion of these two. If the four conditions for success are absent 
or only partially fulfilled, bacteriolysis, in vivo, can hardly be expected to oceur. 
It is not likely to occur with an impotent bacteriophage, with a resistant strain 
of baeteria, with poor contact of bacteriophage with organism or in an environ- 
ment unfavorable or antagonistic to the interaction of these two. Whatever 
benefit may accrue from the injection or administration of the lytic products 
of baeteria as antigens has been given very little consideration. The whole 
procedure is still in the experimental stage and unless an effort is made to find 
out what the necessary conditions for success are and how to set them up, 
failure will be the rule and the whole subject will be brought generally into 
the disrepute in which it already finds itself, in the minds of some of the 
more conservative clinicians and bacteriologists. Extravagant claims for bae- 
leriophage have been made largely by hyperenthusiasts or by those financially 
interested in its commercial success. This situation is to be deplored, for it 
seems fairly certain that in the hands of some critical investigators, favorable 
results have been obtained, results which at times have convinced both the 
physician and the patient that bacteriophage has some virtue as a method of 
therapy. 

We have been impressed by incidents of this kind and have set out to 
clarify, if possible, certain obscurities with regard to the behavior of bac- 


leriophage after its injection into the body and the behavior of the bacteria 
in the lesion after subjecting them to contaet with the bacteriophage. In 


this paper we shall consider the following questions : 

1. Does the hemolytic property of certain strains of Staphylococcus aureus bear any 
relationship to their resistance or to susceptibility to bacteriophage? 

2. Do the bacteria in the lesion change their cultural characteristics after a single in 
jection of bacteriophage? 
3. Do the bacteria become more susceptible or more resistant to the action of bae 


». 


teriophage? 
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Are the bacteria destroyed in the lesion by the action of bacteriophage? 
Does the injected bacteriophage persist for any length of time in the lesion? 
. Does the injected bacteriophage increase in potency or amount in the lesion as 
‘Herelle has claimed’? 
7. Does the bacteriophage injected at a site distant from the lesion reach the lesion 
rough the circulation and multiply at the expense of the bacteria there? 
8. Does the bacteriophage inhibiting substance (antiphage) found in the blood serum 
‘ some individuals inhibit the action of bacteriophage when injected into the lesion? 
9. Can the apparently favorable effect of bacteriophage treatment in some cases be 
rrelated with the absence of antiphage in the blood, the persistence of bacteriophage in 
ie lesion or any other laboratory finding? 


LITERATURE 


The only reports bearing upon these questions which we can find in the recent literature 
re the following: In the treatment of a small group of twelve cases of urinary infections, 
aldwell# found that after subcutaneous injection of bacteriophage it could be isolated from 
ie urine. When bacteria disappeared from the urine following bacteriophage therapy the 
.cteriophage could no longer be recovered from the urine. She noted that the growth and 
gment characteristics of the bacteria changed strikingly under bacteriophage action. In 
iose cases in which the urine was not rendered bacteria-free following the use of bacterio- 
hage the bacteria were modified and became resistant. The bacteriophage-resistant bacteria 
rew in smaller colonies than the original culture. 

In 1926, Schumm and Cooke5 looked for spontaneous bacteriophage in the washings of 
i) cases of maxillary sinusitis and found it in four. In 11 of the negative cases, all of which 
ere chronic, 1 ¢.c. of bacteriophage was instilled at weekly intervals, but no favorable results 
ere obtained, although bacteriophage could subsequently be recovered from a majority of 
hese cases and the organisms cultivated from the lesions remained susceptible to the bacterio- 

phage in the test tube. 

In 1926, Epstein and Fygin,® employing horse-blood agar, reported that 31 strains of 
lemolytie staphylococci were resistant to bacteriophage, while 91 nonhemolytie strains were 
susceptible. MeKinley and Camara? (1950), working with a bacteriophage which was active 
igainst a strain of nonhemolytic staphylococcus, failed in their attempt to adapt it to 7 
hemolytie strains. They believed that this observation tended to confirm the work of Epstein 
and Fygin, and suggested that this might explain the relative virulence of hemolytic organ- 
isms. Contrary results, however, were recently obtained by d’Herelle and Rakieten’ who 
studied cultures from a hundred cases of staphylococcus infections, using human and rabbit 
blood agar. Seven strains of nonhemolytie staphylococci, isolated from chronie cases of 
furunculosis, sinusitis and osteomyelitis, were resistant to a number of polyvalent bacterio- 
phages, while 71 strains of hemolytic staphylococci, with one exception, were found to be sus- 
ceptible to the bacteriophage. The remaining 21 nonhemolytic strains were finally lysed, 
hut in several instances only after repeated contact with the bacteriophage. These results 
were so at variance with the work of the preceding authors that d’Herelle and Rakieten re- 
peated their experiments with horse-blood agar and found that the hemolytic strains were 
just as susceptible on that medium as they were on human and rabbit blood agar, 

In 1931, Applebaum and McNeal? reported that purulent exudates and blood as well as 
serum, inhibited lysis sufficiently to explain the weakening of the action of bacteriophage and 
the persistence of living bacteria in purulent lesions treated with bacteriophage. 

Colvin in 1932,1° incidental to his observations on the inhibition of lysis by sterile pus, 
cerebrospinal fluid and serum, found that bacteriophage could be found in the lesion several 
days after its administration. 


SOURCE OF MATERIAL AND METHOD OF STUDY 


During the course of our study we have worked with four potent staphylo- 
coceus bacteriophages obtained from d’Herelle and Rakieten in New Haven; 
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from McNeal of the Post-Graduate Hospital, New York City; from Gratia in 
Brussels; and from Larkum of the Department of Public Health in Lansing 
Michigan. 

Our bacterial cultures were obtained from 110 patients with furunele: 
and carbuncles on their first visit to the Vanderbilt Clinic. If the lesion wa: 
(draining, the exudate was collected on a swab, if not, a small amount of plain 
broth was injected into its center and reaspirated. This fluid was then cul 
tivated for from three to five hours in plain broth. From the three- to five-hou: 
growth in broth, four 5 ¢.¢. tubes of plain broth were inoculated and to tw: 
of these tubes, 0.25 ¢.c. of bacteriophage was added. The other two tubes 
were kept as bacterial controls. One tube containing bacteriophage and on 
control were incubated at room temperature and one of each was ineubate: 
at body temperature for twenty-four hours. At the end of this time the tube: 
inoculated with bacteriophage were read for the degree of lysis and grade 
from 0 to 4+, the latter grade being assigned only to those tubes which wer 
absolutely clear, comparison being made with the growth in the control tubes. 

At the same time that the broth cultures were made, a drop from the contro! 
tube and a drop from the tube containing the culture and bacteriophage were 
smeared on the two halves of a sheep’s blood agar plate. If the growth in the 
control tube at room temperature was less than the growth in the incubated 
control tube, it was filtered and the filtrate tested for the presence of 
spontaneous bacteriophage. Next day the plates were studied and the eul 
tural characteristics of the colonies with and without bacteriophage were 
noted. If the colonies on the control half were rough or varied in size or 
shape or appeared ‘‘moth-eaten,’’ spontaneous bacteriophage was suspected 
and searched for. When such cultures were found, transplants were made 
from these colonies into broth, grown at room temperature, filtered, and the 
filtrate was tested for lysis of the homologous and stock strains. In the more 


recent phases of our study, we have found spontaneous bacteriophage more 


often than we did at first because of greater care in the search. 

At twenty-four, forty-eight, seventy-two, and ninety-six hours, after 
bacteriophage was given, cultures were again taken from the lesions and 
studied for the characteristics of the colonies and the susceptibility of the 
organisms to bacteriophage. Usually bacteriophage was given twenty-four 
hours after the first visit, the interval required to determine whether or not 


the bacteria were susceptible to bacteriophage. 
RESULTS 


I. The Classification of 110 Strains of Staphylococcus Obtained from a 
Series of Furuncles and Carbuncles—In the whole series of 110 cultures, 
hemolytic Staphylococcus aureus occurred 81 times. In some of these eases 
the hemolysis was slight and could be seen only on removal of the colonies. 
Nonhemolytie Staphylococcus aureus was found in 18, and a mixture of these 
two in 8 Hemolytie Staphylococcus albus was found in one lesion and nou 
hemolytie Staphylococcus albus in one. Hemolytie Staphylococcus aureus and 
nonhemolytie Staphylococcus albus were combined in one. The results may 


be seen in Table I. 
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TABLE I 


THE CLASSIFICATION OF 110 STRAINS OF STAPHYLOCOCCI ACCORDING TO THEIR HEMOLYTIC AND 
CHROMOGENIC PROPERTIES AND THEIR SUSCEPTIBILITY TO THE LYTIC 
ACTION OF BACTERIOPHAGE 


BOTH | HEMOLYTIC 


EMOLY TIC | STAPH. 
HEMOLYTIC) NoNuEM, | EMOLY TIE HEMOLYTIC) NONHEM. . ad 
& AUREUS 


STAPH. STAPH. Pathe STAPH. STAPH. 
AUREUS ume, | ALBU ALBU & 
f rUs d tEUS ALBUS ALBUS 
, : STAPH. NONHEM. 
AUREUS S. ALBUS 


Completely, 88 8 j 16 5 1 
lysed 
Partially ‘ f 1 
lysed 
‘ompletely 
resistant 
Totals 110 | 100 81 18 


Il. The Susceptibility of the Hemolytic and Nonhemolytic Strains of 
Staphylococcus to Bacteriophage.—Table I shows that only three of the 110 
strains tested were found to be resistant to the action of all of the bacterio- 
phages. Certain of the strains were resistant to one or two, but susceptible 
to at least one of the bacteriophages which we used. Two of the resistant 
strains were hemolytie Staphylococcus aureus and the other was a nonhemo- 
lytic Staphylococcus aureus. Of the 81 cultures of hemolytie Staphylococcus 
aureus, 64 were completely lysed; 15 underwent partial lvsis; and 2 were 
resistant. Of the 18 strains of nonhemolytie Staphylococcus aureus, 16 under- 
went complete lysis; one partial lysis; and one was resistant. Of the 8 mixed 
cultures with both hemolytic and nonhemolytie Staphylococcus aureus, eom- 
plete lysis took place in 5 and partial lysis in 3. With the 3 remaining albus 
cultures, either alone or with Staphylococcus aureus, complete lysis was ob- 
tained. In our series, therefore, no difference was found between the hemolytic 
and nonhemolytie strains in their susceptibility to bacteriophage. 

III. Persistence of Bacteriophage in the Lesion—The persistence of the 
bacteriophage in the lesion was studied in 32 patients, as the opportunity 
afforded upon their return to the clinie after treatment. In some the search 
was made after. twenty-four hours and in others it was made later. In a few 
it was made daily, but in most of the cases we desired to institute daily 
treatment and did not withhold it to study the duration of the bacteriophage 
following a single injection. These results are shown in Table II. In 20, 
cultures were taken twenty-four hours after the first administration of potent 
bacteriophage. As a general rule, these cultures displayed considerable 
degeneration of the colonies on the blood agar plate. Often only rem- 
nants of colonies were left, or the intact colonies varied in size and shape. 
However, only rarely did we find no growth at all on the plate. On only 
two occasions, cultures of the lesion twenty-four hours after administration 
of bacteriophage yielded no growth on the plate or in broth. At the time 
of these observations, we assumed that bacteriophage was responsible, but its 
presence was not definitely proved. Broth tubes inoculated with cultures taken 
twenty-four hours after the administration of bacteriophage usually did not 


show growth when incubated at room temperature, but gave abundant growth 
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TABLE IT 
THE PERSISTENCE OF BACTERIOPHAGE 24, 48, 72, AND 96 Hours AFTER INJECTION INTO TH 
LESION CORRELATED WITH THE CLINICAL EVIDENCE OF BENEFIT FOLLOWING THE TREATMEN 


NUMBER 24 HR. 48 HR. | 72 HR. 96 HR. CLINICAL EFFEC’ 


1 + Slight benefit 
2 + Slight benefit 
3 + | Slight benefit 
4 t Marked benefit 
5 } + Marked benefit 
6 } 0 Marked benefit 
7 } 0 Marked benefit 
8 0 0 No benefit 
9 + + Marked benefit 
10 t ! Marked benefit 
11 + Marked benefit 
12 4 0 Marked benefit 
13 + Slight benefit 
14 0 0 Marked benefit 
15 } + $ Marked benefit 
16 + Marked benefit 
17 } 0 Marked benefit 
18 4 Marked benefit 
19 b Marked benefit 
20) } Slight benefit 
21 } Marked benefit 
99 Marked benefit 
23 | Marked benefit 
24 Marked benefit 
25 } Marked benefit 
26 0 No benefit 
97 vu 0 0 No benefit 
2g 0 Marked benefit 
29 0 No benefit 
30 0 0 No benefit 
31 t Marked benefit 
32 ' Marked benefit 

Totals 20) 18 8 6 

Positive 16 12 6 2 

Negative } 6 2 4 


in the incubator, although occasionally secondary lysis took place. Filtrates 
made of the 20 cultures left at room temperature produced complete lysis of 
the original homologous organisms obtained from the lesion in 16 instances, 
ilemonstrating the presence of potent bacteriophage. These bacteriophages 
often produced lysis of heterologous strains as well. They remained polyval- 
ent and did not become specific for the homologous strain by passage. There 
is evidenee, then, both from the appearance of the blood plates and from the 
test of the filtrates incubated at room temperature, that bacteriophage may 
be present in the lesion in about 4 cases out of 5 at least twenty-four hours 
after a single injection, and that under its influence there is a change in the 
erowth characteristics and morphology of the organisms. 

Cultures were taken from 18 cases forty-eight hours after the injection 
of bacteriophage. In most of these cases the culture was not taken after 
the first injection of bacteriophage, but later in the course of treatment. 
Therefore these and later determinations of bacteriophage in the lesion are 
not as significant as the tests made after twenty-four hours. The characte! 
isties of the colonies on the blood plates made at this interval differed from 


those taken after twenty-four hours. Usually only a few colonies were at 
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feted while the rest were normal. Large areas of destruction in the colonies 
ere seldom observed. Degeneration of the organisms was not seen when 
tiese colonies were smeared and stained. Moreover, in the tubes ineubated 
room temperature some growth of organisms occurred in a high percentage 


cases. When these tubes were filtered, however, the lytic principle was 
‘tained from 12 of the 18, although the potency of the bacteriophage was 
‘finitely diminished. Those incubated at 37° C. usually showed abundant 
‘owth of bacteria. 
It must be concluded, then, that bacteriophage persisted in the lesions 
: forty-eight hours in a smaller percentage of the cases and had less potency 
an at twenty-four hours. 
Bacteriophage persisted in the lesion in 6 out of 8 cases tested after 
venty-two hours, and in 2 out of 6 tested after ninety-six hours. The 
‘ylonies on the blood plates showed no evidence of the destructive action, but 
ie bacteriophages were recovered from the filtrates of cultures incubated at 
‘om temperature. These bacteriophages frequently gave only partial lysis, 


lowever. 
IV. The Relationship of the Persistence of Bacteriophage in the Lesion 
io the Presence of Antiphage in the Blood.—In 22 cases we tried to correlate 


ie persistence of bacteriophage in the lesion with the presence of an inhibit- 
ing substanee in the blood serum. In testing for the presence of this sub- 
‘ance we employed Rosenthal’s technic.1' In some instances the antiphage 
tests were done with the homologus strain of bacteria and in other cases 
with stock strains (Table Ill). Indirect antiphage (supposed to render the 
bacteria resistant to the lytic action of the bacteriophage) was only detected 
in 3 eases, while the direct antiphage (supposed to directly neutralize the 
action of the bacteriophage) was present in 16. Of 10 cases in which the 
test was made with the homologous strain, 7 showed a direct antiphage in 
the blood, but in 6 of these cases bacteriophage was found in the lesion 
from twenty-four to ninety-six hours after injection. The other 5 cases showed 
no direct antiphage in the blood, and bacteriophage was found in the lesion. 

Of 11 cases in which the test was made for indirect antiphage using the 
homologous strain, two showed the presence of antiphage in blood, but the 
bacteriophage was later found in the lesion in both cases. In 9 cases no anti- 
phage was found, but in 2 of these no bacteriophage could be found in the 
lesion. 

Of 11 cases in which the test was made for direct antiphage, using a 
heterologous strain, 9 showed the presence of antiphage in the blood and yet 
in 7 of these bacteriophage was found in the lesion. In the 2 cases in which 
no antiphage was found in the blood, bacteriophage was present in the lesion. 
In the same 11 cases when the test was made for indirect antiphage using a 
heterologous strain, one showed the presence of antiphage in the blood, but 
bacteriophage was found in the lesion after twenty-four hours, while in 2 
cases in which no antiphage was found in the blood, no bacteriophage could 
be found in the lesion after twenty-four hours. In 8 eases no antiphage was 
demonstrated in the blood and bacteriophage persisted in the lesion. 
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TABLE III 


Tuk PRESENCE OF A BACTERIOPHAGE-INIIBITING SUBSTANCE, ‘*‘ ANTIPHAGE,’’ IN THE BLOOD 
SERUM OF THE PATIENT CORRELATED WITH THE PERSISTENCE OF BACTERIOPHAGE IN 
THE WoUND FOLLOWING TREATMENT 

ANTIPHAGE IN THE SERUM®* PERSISTENCE OF PHAGE IN THE LESION 

STRAIN f : 

TESTED 

Homol, Strong Weak 
Homol. 0 0 
Homol. Weak ; 0 
Homol. No test 0 
Ifomol. Strong 0 
Homol. Strong 0 
Homol. Strong 0 
Homol. 0 0 
Homol. Strong 0 
Homol. 0 0 

11 Homol. Weak Weak 
12 Heterol. Strong 0 
13 Heterol. Strong 0 
14 Heterol. Weak 0 
15 Heterol. Strong 0 
16 Heterol. Weak 0 
17 Heterol. Strong 0 
18 Heterol, Strong 0 
19 Ileterol. 0 0 

20 Heterol. Strong Strong 
21 Ieterol. 0 0 
22 Heterol. Weak 0 


*As determined by the Rosenthal technic. 


DIRECT INDIRECT 24 HOURS 48 HOURS 72 HOURS 


V. Transmission of Bacteriophage in the Patient from a Site Remote from 
the Lesion to the Lesion Itself —In 8 patients, satellite furuncles developed 
around the original lesion treated with bacteriophage. Attempts to isolate 
the bacteriophage from these new lesions failed. Again, 4 patients were 
given subcutaneous injections of large quantities of bacteriophage at a dis- 
tance from the lesion and bacteriophage could only be isolated from one of 
the lesions twenty-four hours later. This bacteriophage was very weak, pro- 
ducing only 1+ lysis of the homologous organism, and it produced no lysis 
of two heterologous strains against which the injected bacteriophage had 
previously been effective. In this one case, no bacteriophage was evident in 
the lesion before the injection, so that we must presume that it had either 
been transmitted from the site of the injection or was spontaneously gen- 
erated. With the exception of this one questionable instance, we have no 
evidence that bacteriophage can be transmitted within the body from a site 
distant from a skin lesion to the lesion itself. 

VI. Behavior of the Bacteria Which Survive in the Lesions Which Have 
Been Treated with Bacteriophage.—Our experience has shown that the surviv- 
ing progeny of a culture of hemolytic Staphylococcus aureus which has been 
lysed by bacteriophage but not entirely destroyed, produces nonhemolytic 
cclonies when grown on blood agar plates. Usually the colonies at first be 
come mixed, some being hemolytic and some nonhemolytic, but in a few in- 
stances in our series all of the colonies promptly became completely non- 
hemolytic. In vivo a similar change has occasionally been observed, but it 


required more prolonged contact of the bacteria with the bacteriophage. Of 





OD 
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’8 eases studied, this transformation occurred in 7. In 5 of these, the 
iemolytie variety was replaced after one or more bacteriophage treatments 
‘yy a mixture of the hemolytic and nonhemolytie strains. In another, the 
iemolytie strain was completely replaced by nonhemolytic organisms, while 
n the last case the culture yielded a mixture of hemolytie Staphylococcus 
sureus and nonhemolytie Staphylococcus albus. The possibility of contamina- 
ion in this ease is recognized. 

We have never observed a transformation of the staphylococcus from 
ionhemolytic to hemolytic after lysis in the test tube by bacteriophage, but 
uch a change was observed on three occasions in patients in the course of 
acteriophage treatment. Two of these new strains became resistant to bae- 
eriophage, whereas the original cultures were completely lysed before treat- 
nent began. 

These cases also illustrate that bacteria may become resistant to the bae- 
eriophage during treatment. Acquisition of resistance was observed in 6 
ut of 36 cases, and in 4 of these, cultures were taken as the lesions were 
iealing. In 8 instances the bacteria became more susceptible to bacteriophage 
vhile in the remaining 22 cases no change in the susceptibility of the bae- 
eria to the bacteriophage took place. 

It was also observed, after bacteriophage had been injected into the lesion, 
that the colonies frequently changed from smooth to rough. Moreover, some 
of the colonies became pinpoint. No further changes than these could be 
detected in their characteristics as healing progressed in the presence of bac- 
teriophage, except that some of the colonies from the larger carbuncles 
changed in color from yellow to white. 

At no time could we surely demonstrate a complete destruction of bae- 
teria in the lesion tested with repeated injections of bacteriophage. They 
persisted even after the slough and pus had disappeared. On several oceca- 
sions, moreover, positive cultures were obtained after the removal of the 
terminal scab. 

Bacteria also persisted in 7 lesions in which bacteriophage was generated 
spontaneously. These cultures showed considerable degeneration, however, 
and many of the colonies were roughened. All of the bacteriophages isolated 
from these lesions were polyvalent and possessed considerable potency. 

From our results, therefore, we can only conclude that while the bae- 
teriophage may change the characteristics of the bacteria in the lesion, it 
certainly does not completely destroy them. 

VII. The Correlation of Various Laboratory Findings With the Clinical 
Results—Untreated furuncles and carbuneles run a varied course under the 
variable conditions found in different individuals. Furuneles tend to be self- 
limited. There is a period of induration, a period of liquefaction and dis- 
charge, and a period of resolution. The same periods are more prolonged in 
carbuneles. The extent of the slough, the rapidity of liquefaction, and the 
size and number of the drainage openings all modify the period of spontaneous 
healing. With such variable controls it is very difficult to judge in any given 
cases whether or not any form of treatment hastens or delays the process of 
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healing. In order to furnish convincing evidence, we must await the acquis 

tion of a large series of treated cases with an exactly parallel series of co: 

trols, unless we can apply a clear-cut laboratory criterion. This we are tryin: 
to establish. For the present we have tried to note from the appearance 

the lesion after treatment, as well as from the subjective symptoms of tl 

patient, whether or not the progress of the infection indicated a favorab!« 
or an indifferent effect from the bacteriophage treatment. (In no ease hay 

we had an unfavorable reaction.) We have tried to discover whether this 
could be correlated with (a) the presence of a bacteriophage-inhibiting sul 
stance, ‘‘antiphage,’’ in the blood, or (b) the persistence of bacteriophage i: 
the lesion, or (¢) the maintenance of susceptibility to the bacteriophage o: 
the part of the invading organism, or (d) changes in the hemolytie actio 

of the cultures on blood agar. 

(a) Antiphage: In 34 cases a study was made of the presence of anti 
phage in the blood with the Rosenthal technic,’ and the tests were carried 
out with the homologous organisms (see Table IV). Eight of these cases gave 
evidence of the presence of both strong direct and strong indirect antiphage. 
After instituting bacteriophage treatment, our belief was that the bacteri: 
phage had exerted a favorable influence in 5 of these and had had no influence 
on the infection in 3. Seven of the cases gave a strongly positive test for 
direct and a negative test for indirect antiphage. Of these, 5 gave a favorable 
response to bacteriophage, while 2 seemed to be slightly improved by it. 
Eight of the cases gave evidence of a weak direct antiphage and no sign of 
indirect antiphage in the blood; and of these, 5 gave a favorable response 
and 2 a questionable response, while one was not affected. Five cases gave 
no evidence of direct or indirect antiphage. Of these, 2 were favorably affected 
and 3 gave a questionable response. The other groups are too small to be 
significant. 

TABLE 1V 


THE PRESENCE OF A BACTERIOPHAGE-INHIBITING SUBSTANCE IN THE BLOOD SERUM OF THI 
PATIENT CORRELATED WITH THE CLINICAL EFFECT OF PHAGE TREATMENT 
ANTIPHAGE IN SERUM* | CLINICAL EFFECT OF PHAG! 
DIRECT INDIRECT | TREATMENT 

id SLIGHT NO 

STRONG | WEAK NONE STRONG) WEAK NONE | BENEFIT! | NEFIT | BENEFI1 
0 3 
1 0 
2 0 
0 | 0 
0 0 
2 ] 
0 0 
0 0 
3 0 


thon 


Vie OL 


+ 


bo bo 


+ 


*As determined by Rosenthal’s technic. 

(b) Persistence of Bacteriophage in the Lesion (see Table II): In the 32 
eases in which the bacteriophage was sought for, twenty-four to ninety-six 
hours after its injection into the lesion, 16 eases out of 20 tested showed the 
bacteriophage in twenty-four hours. Of these, 14 gave a very favorable r 





JERN, ET AL.: STUDIES IN BACTERIOPHAGE 1267 


sponse while 2 were slightly favorable. Of 4 cases which yielded no bae- 
teriophage after twenty-four hours, one seemed to be favorably affected by 


the treatment while 3 were unaffected. The favorable case had already com- 
pletely liquefied when treatment began. In forty-eight hours, 18 cases were 
tested for the persistence of bacteriophage. Twelve of these cases showed 
bacteriophage in the lesion at that time. Seven of them responded very 
favorably, while in 5 the effect was slightly favorable. Of 6 cases which 
showed no bacteriophage after forty-eight hours, 2 seemed to respond well 
after bacteriophage treatment, while 4 gave no evidence of any favorable 
response. One of the favorable cases had already liquefied. Out of 8 cases 
tested after seventy-two hours, bacteriophage was found in 6 and all seemed 
to be benefited by the bacteriophage treatment. In the 2 cases in which no 
bacteriophage was found after seventy-two hours, one seemed to be favorably 
affected by bacteriophage treatment while the other was not. In the favor- 
able case, bacteriophage had been found in twenty-four hours. In 6 eases 
bacteriophage was sought for, ninety-six hours after its injection. It was 
found in 2 cases only. In 3 others it had been present at twenty-four, forty- 
eight, or seventy-two hours. In all of these cases, the result was favorable. 
In the other case in which it was not found, it had also been absent at forty- 
eight hours. In this case the effect of bacteriophage was negligible. 

(c) Maintenance of Susceptibility of the Bacteriophage on the Part of the 
Culture: After treatment with bacteriophage, as we have stated above, the 
organism cultured from the lesion may show an increased or decreased sus- 
ceptibility to the bacteriophage. This observation was correlated with the 
clinical response in twenty-eight cases (see Table V). In 25 of these eases 
the organism remained susceptible to the bacteriophage. Of these, 20 gave 
a favorable response while 5 were not benefited. In 2 cases the organism was 
only partially susceptible and these cases were not benefited. In 3 eases 
the organism became resistant to the bacteriophage and none of these was 
helped by the bacteriophage treatment. 


TABLE V 
THE MAINTENANCE OF SUSCEPTIBILITY TO PHAGE ON THE PART OF THE CULTURE CORRELATED 
WITH THE CLINICAL EFFECT OF BACTERIOPHAGE TREATMENT 
s CLINICAL EFFECT OF PILAGE 
NO. OF TREATMENT 
CASES | —_ a 


- BENEFITED a NO BENEFIT 


Remained susceptible 2: 20 5 
Became resistent 0 3 


(d) The Changes in the Hemolytic Action of the Culture on Blood Agar: 
We have stated above that when hemolytic Staphylococcus aureus is lysed by 
bacteriophage in the test tube, if it is not entirely destroyed, the progeny 
are generally nonhemolytic. These bacteria are evidently resistant to the 
lytie effect of the bacteriophage. In treated cases these forms often appear, 
but not as regularly as in the test tube. The clinical result in these eases is 
not as favorable as in those in which the organism, which is recovered from 
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the lesion after treatment, is the same as it was before treatment whether 
it were hemolytic or nonhemolytie. In thirty-four cases in which this point 
was studied, 22 showed no change in the culture and the clinical results wer 
favorable in 18 and indifferent in 4. In the other 12 cases there was som: 
modification of the culture, consisting of a change either in the hemolytic or 
chromogenic function of the organism. In 4 of these the results were favor 


TABLE VI 


CHANGES IN THE CULTURAL CHARACTERISTICS OF THE BACTERIAL STRAINS FOLLOWING Bac 
TERIOPHAGE TREATMENT CORRELATED WITH THE CLINICAL RESULTS 


| CLINICAL EFFECT OF PHAGE TREATMENT 
NO. OF - ———___—_—— 

eee SLIGHT 
CASES BENEFITED 2 
BENEFIT 


No | 
BENEFIT 


-- 


No change in culture 2% 18 0 4 
Change in culture 2 t 2 6 


able, in two there was partial success, either favorable at first and later indif 
ferent, or indifferent at first and later favorable, while in 6 there was no 
apparent response to the treatment (see Table VI). 


DISCUSSION 


We recognize the difficulty of judging whether or not the administration 
of bacteriophage affects in any way the course of the disease. In order to 
be thoroughly convinced by clinical eriteria alone, we should have two ab- 
solutely parallel series, one treated with bacteriophage and one untreated. 
We are at present attempting to assemble two such parallel series, taking into 
account the age of the lesion, its location, the presence and degree of necrosis, 
and the size of the lesion at the time of the beginning of treatment. If the 
results in these treated cases can be correlated with certain consistent labo- 
ratory findings, the latter may be depended upon as bases for prognosis. 

It has been observed repeatedly that the most severe staphylococeus in- 
fections generally vield on culture a hemolytic strain of Staphylococcus aureus. 
Lesions somewhat less severe may yield a culture showing no hemolysis or a 
very slight degree of hemolysis beneath a few colonies on a blood plate. Still 
less severe lesions more often yield Staphylococcus albus rather than NW. 
aureus, In our series the primary cultures yielded the usual proportion of 
such variable strains. The cultures which we called a mixture of hemolytic 
and nonhemolytie Staphylococcus aureus may have been pure cultures of the 
intermediate group, but usually those showing frankly yellow and frank) 
white colonies do represent a mixture of aureus and albus. It is rather sur- 
prising that in lesions of this kind mixtures are not more frequently found 

In our studies the hemolytic and nonhemolytie strains showed an equal 
susceptibility to the bacteriophages which we employed. Attention must be 
called to the fact, however, that our organisms were freshly isolated from 
acute stephylococcus infections and the same results might not have beer 
obtained with staphylococci obtained from chronic infections or with cultures 
erown for some time in artificial media. Thus we did not confirm the observa 
tions of either d’Herelle and Rakieten or MeKinley and Camara whose results 
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were opposed to one another. Differences in results could probably be ex- 
lained by differences in the bacteriophages employed. This point does not 
seem to be important. There does seem to be some significance, however, in 
he fact that both in the test tube and in the patient the organisms undergo 
‘ertain changes after contact with the bacteriophage. The hemolytic strains 
requently become nonhemolytic, the smooth strains tend to become rough, 
ind while they may become more resistant to the lytic action of the bacterio- 
hhage, both of these changes are in the direction of nonvirulence. It should 
ve remembered that this occurred more consistently in the test tube than in 
he patient, but such changes occurring in the lesion might favor the prompt 
‘ecovery from the infection by the action of the defensive forces of the body. 

The persistence of the bacteriophage for twenty-four hours or more in 
he lesion after one injection is of considerable importance from a practical 
viewpoint. We do not feel that there is any evidence that it actually propa- 
rates itself there, and when injected elsewhere what may appear in the lesion 
rives no evidence of increasing either in quantity or in potency. In the lesion 
evidently something inhibits the multiplication of the bacteriophage, and yet 
it is not due to the presence of any inhibiting substance in the patient’s serum, 
if Rosenthal’s method ean be relied upon, for the failure of the bacteriophage 
io persist in the lesion does not run parallel with the presence of such a sub- 
stance in the blood as shown by this test. If Rosenthal and Raiga obtained 
better results in their eases by autohemotherapy it is hard to believe that 
this fact is due to any alteration of this substance in the blood. The failure 
to corroborate their results has induced us to study this phase of the problem 
more fully. The failure of the bacteriophage, recovered from the wound 
either after twenty-four or forty-eight hours, to act at incubator temperature 
would seem to indieate that it is less potent than the original bacteriophage, 
and it is, therefore, overwhelmed by the growth of the organisms at the 
temperature most suitable for their propagation. This temperature is, of 
course, the temperature at which bacteria grow in the body, and therefore, 
the inaction of the bacteriophage at body temperature may be of some sig- 
nificanee. 

The weakening of the bacteriophage by its habitation in the lesion for 
twenty-four hours was also indicated by the development of secondary growth 
after lysis. With the potent bacteriophages originally employed, secondary 
culture formation seldom occurred, but with the bacteriophages obtained 
from the lesion, either those arising spontaneously or those persisting for a 
day or two after instillation, secondary growth was the rule. 

All of these results fail to support the idea that the bacteriophage propa- 
cates itself in the lesion. This points to the necessity of frequent reinocula- 
tions of the bacteriophage into the lesion. If bacteriophage is not reinjected 
into the lesion, at the end of twenty-four hours the growth of bacteria un- 
touched by the original injection may continue unabated. These facts need 
further elucidation, but in the meantime there is a very definite indication 
for the frequently repeated administration of large quantities of bacterio- 


phage, if it is to be used at all. Until we know what is inhibiting its propa- 
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gation in the body or in the lesion we must expect very little action following 
its injection at a distance from the lesion, except whatever may be gained 
from the injection of the lytie products of the bacteria. 

In attempting to correlate the clinical results with certain laboratory 
findings, it would appear from the above observations that the presence or 
absence of antiphage in the blood as determined by Rosenthal’s method has 
little or no effect on the usefulness of bacteriophage treatment. This point 
will be studied further and enlarged upon in another paper. However, th 
persistence of bacteriophage in the lesion and the persistence of susceptibility 
of the culture to the bacteriophage, as well as the absence of the development 
of progeny having cultural characteristics different from the original culture, 
are all factors of considerable importance. These three may all be important 
because they may indicate the potency of the bacteriophage. If there can be 
any other simple laboratory method of determining the potency of bacterio- 
phage and maintaining its poteney, the problem will be greatly simplified. 
But the efficiency of any treatment is determined to a great degree by the 
phase of the disease in which the treatment is begun. This is particularly 
true of infections for even after the infection is under control the process of 
healing is greatly modified by the kind and extent of the tissues which have 
been destroyed. 


SUMMARY 


One hundred and ten eases of furuncles and carbuncles have been studied 
from the point of view of the cultural characteristics of the strains of staphylo- 
coecus obtained from them and the susceptibility of those strains to the lytic 
action of bacteriophage as well as the changes in the cultural characteristics 
of these strains both in the test tube and in the lesion following the repeated 
administration of the bacteriophage. Certain features of the behavior of the 
bacteriophage and its persistence in the lesion have also been studied, and 
an attempt has been made to correlate the persistence of the bacteriophage 
or the disappearance of it in the lesion with the absence or presence of an 
inhibiting substance in the patient’s serum known as antiphage. Our find- 
ines were briefly as follows: 

1. A relationship could not be demonstrated between the hemolytie or 
nonhemolytie properties of the staphylococci and their susceptibility to bae- 
teriophage. Of the 110 strains tested, only three were resistant. In the whole 
series, 81 were hemolytic Staphylococcus aureus and 18 were nonhemolytie 
Staphylococcus aureus. The rest were intermediate or mixed strains. These 
tests were all made with freshly isolated strains of bacteria and with several 
potent bacteriophages. The results indicate that if potent bacteriophages are 
employed practically all strains of staphylococci from acute lesions can be lysed. 

2. The bacteria in the lesions were found to be altered in their cultural 
characteristics following the repeated injections of bacteriophage. After 
twenty-four hours the eolonies on the blood plates showed degenerative 
thanges, areas of absent growth, and ‘‘a moth-eaten appearanece.’’ At forty- 
eight hours these changes were not as marked, although after more injec- 
tions, the colonies sometimes became roughened and pinpoint in size. A few 
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changed in their chromogenic properties and some in their hemolytic prop- 
erties. Some became more resistant to bacteriophage and still others less 
resistant. In the majority of instances, the cultures remained unchanged in 
their susceptibility to bacteriophage. It was seldom demonstrated that the 
lesions became absolutely free of bacteria either after repeated injections of 
bacteriophage or when the bacteriophage was generated spontaneously in the 
lesion, although in two cases negative cultures were obtained both on the 
plate and in broth. This may have been due to inhibition by bacteriophage 
rather than actual destruction, for subsequent cultures were positive. 
3. After one injection of bacteriophage, the lytie principle could be re- 
isolated from the lesion at the end of twenty-four hours and forty-eight hours. 
At these intervals the bacteria showed evidence of destruction, particularly 
at the twenty-four-hour period. The bacteriophage could also be recovered 
from the filtrate of cultures incubated at room temperature after seventy-two 
and ninety-six hours, after instillation into the lesion, but in a much weakened 
state. While the bacteriophage persisted in the lesion and still had some 
destructive action after twenty-four hours, it did not increase in potency 
as it did in the test tube. Instead, it grew progressively weaker. 
4. In about a third of these cases, the serum of the patients was tested 
for the presence of ‘‘antiphage,’’ a substance which has the power to inhibit 
the action of bacteriophage in the test tube. This principle was found in the 
blood serum of a number of these patients, but there was no correlation be- 
tween this fact and the persistence or disappearance of bacteriophage in the 
lesion. 
5. The favorable clinical effect of the use of bacteriophage seems to have 
some correlation with the persistence of bacteriophage in the lesion and the 
maintenance of the cultural characteristics and susceptibility of the strain 
producing the disease and may have little or nothing to do with the presence 
or absence of the so-called ‘‘antiphage’’ (bacteriophage inhibiting substance) 
in the blood serum of the patient. 
REFERENCES 
1. Twort, F. W.: Investigation on the Nature of Ultramicroscopic Viruses, Lancet 2: 1241, 
1915. 

2. d’Herelle, F.: . Sur un microbe invisible antagoniste des bacilles dysenteriques, Compt. 
rend. de 1’Acad. des Se. 165: 373, 1917. 

3. d’Herelle, F.: Bacteriophage as a Treatment in Acute Medical and Surgical Infections, 
Bull. N. Y. Acad. Med. 7: 329, 1931. 

4. Caldwell, J. A.: Bacteriophagy in Urinary Infections Following the Administration of 
the Bacteriophage Therapeutically, Arch. Int. Med. 41: 189, 1928. 

5. Schumm, E., and Cooke, R.: Incidence and Therapeutic Value of Staphylococcus Bac- 
teriophage in Antrum Infections, J. Infect. Dis. 39: 424, 1926. 

6. Epstein, T., and Fygin, B.: Sur la resistance des staphylocoques hemolysants vis-a-vis 
du bacteriophage specifique, Compt. rend. Soc. de biol. 95: 908, 1926. 

7. McKinley, E., and Camara, J.: Resistance of Hemolytic Staphylococci to Bacteriophage 
Lytie for Non-Hemolytic Staphylococcus Aureus, Proc. Soc. Exper. Biol. & Med. 
27: 846, 1930. 

8. d’Herelle, F., and Rakieten, M.: The Susceptibility of Hemolytic Streptococci to Bac- 
teriophage, J. A. M. A. 100: 1015, 1933. 

9. Applebaum, M., and MacNeal, W.: The Influence of Pus and Blood on the Action of 
Bacteriophage, J. Infect. Dis. 49: 225, 1931. 

10. Colvin, M. G.: Behavior of Bacteriophage in Body Fluids and in Exudates, J. Infect. 
Dis. 51: 527, 1932. 

11. Rosenthal, P.: Contribution a l’etude des anti-phages, Compt. rend. Soc. de biol. 100: 

1019, 1929. 















CORONARY OCCLUSION AND SUDDEN DEATH 
A Strupy Basep Upon a Review or 345 Necropsies PERFORMED AT THE Boarp 
oF HeattH LABoratory, ANCON, CANAL ZONE, BETWEEN 
ApriL 15, 1982, ann Apri 15, 1933 


Capt. ELBert DeCourseEy, M.C., U. S. Army, Ancon, C. Z. 


HISTORY 


“ene eae-sad occlusion was recognized and deseribed at autopsy by pathol- 
ogists forty to fifty years before wide medical interest was aroused in the 
disease about 1918. Coronary disease *‘has only been generally recognized and 
found to be extremely common since about 1926,’’ according to Rolleston,’ who 
also states that the condition was first described adequately by Weigert in 1880, 
but that a elinieal diagnosis of coronary thrombosis was made in 1876 by Adam 
Hammer. In a general review, Benson? traces first observations on coronary 
sclerosis to Drelineourt in 1700. Dock recognized the disease during life in one 
patient, and in 1896 reported the case with autopsy confirmation.* In 1910, 
in Germany, two Russians, Obrastzow and Straschesko* adequately described 
the clinieal syndrome. Herrick’ soon described the disease in America. Osler® 
early correlated the clinical and pathologie findings; he believed that the dis- 
ease was one which affected mainly the upper classes, and he used as examples, 
John Hunter, Chareot, Nothnagel, and William Pepper, each of whom died of 
coronary disease, 
CASE REPORTS 

There are a few general considerations to be mentioned before reviewing 
the cases listed in Table I. A constriction of 95 per cent or more of the arterial 
lumen is considered as occlusion in this paper. All autopsies were performed 
within twenty-four hours postmortem, and included examination of the brain, 
microscopic examination of all organs, and except in embalmed bodies, serologic 
and chemical examination of the blood and spinal fluid. In the embalmed 
bodies fixing fluid generally was flowing into the right common earotid artery 
within three hours after death. Cases 1 to 11, inclusive, are of coronary sclerosis; 
Cases 12 to 15, inclusive, are of coronary sclerosis with thrombosis; Cases 16 and 
17 are of constriction of the coronary orifice by syphilitic aortitis; and Case 18 


is of coronary embolism from a mitral valve vegetation. 
DISCUSSION 


Age.—As shown in Table II, the fifth and sixth decades claimed the most 


cases. This frequency is one decade younger than the usual published figures, 


*From the Board of Health Laboratory. 
Received for publication, December 23, 1933. 
Read before the Medical Association of the Isthmian Canal Zone, July 18, 1933. 
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and may be explained by the relatively younger ages of the inhabitants of the 
Zone. However, this is not a disease of the aged as shown by Conner and Holt,’ 
who in a study of 287 cases found that initial symptoms occurred before fifty-one 
years of age in 33 per cent and before sixty-one years of age in 75 per eent. 
According to Eggleston’ the disease is rare before forty, not uncommon between 
forty and fifty, and most frequent between fifty and seventy. The ages of the 
embolie and of the syphilitic constriction of the orifice cases may be much 
younger. The age of a black female who recently died suddenly from syphilitic 
atresia of the left coronary orifice was sixteen years. 

Sex.—There were many more males (87.5 per cent) than females (12.5 
per cent), and since in the Canal Zone all cases of sudden death are sent to the 
morgue for autopsy these figures probably represent the existing situation. 
Published series show a variation from about 10 to 30 per cent in the number 
of females affected. 

Race.—Although in autopsies on 286 bodies over one year of age only 78 
were white, the number of coronary sclerosis deaths was exactly twice as numer- 
ous in the white as in the black race. Considering all types of coronary oc- 
clusion there was a marked preponderance in the white race, the usual finding. 

Symptoms.—The symptoms are best demonstrated by the four hospitalized 
eases (2, 8, 10 and 14), three of which showed selerosis only and one of which 
showed sclerosis with thrombosis. Dyspnea occurred in all four cases. Cardiac 
pain, gastric symptoms (of nausea, vomiting, or epigastrie discomfort), fever 
(because of the profuse sweating the oral temperature reading may be below 
normal, but a rectal temperature reading will generally indicate the presence 
of fever) and/or cough occurred in three. In two cases tachycardia, low blood 
pressure and leucocytosis were found. Enlarged heart, pericardial friction 
rub, and albuminuria were found onee. The eleetroeardiogram was used once 
and correctly aided in the diagnosis. It is interesting to note that in a study 
of coronary occlusion at Peter Bent Brigham Hospital in 1923, Wearn® stated 
that there was ‘‘no typieal or characteristic electroeardiographie curve of the 
eondition.’’ The clinical symptoms are due to the ischemic necrosis of the 
myocardium and they are well deseribed in the literature,? and in reeent text- 
books. Hamman! has collected the symptoms into four groups based upon the 
pathologie changes, as follows: (1) The immediate symptoms associated with 
the lesion, the anginal seizure; namely, pain and shock manifested by prostra- 
tion, fall in blood pressure, and suppression of urine; (2) the symptoms asso- 
ciated with the myocardial change; namely, dyspnea, feeble eardiae impulse, 
and chronie passive congestion manifested by cyanosis, pulmonary edema, en- 
larged liver, and albuminuria; (3) the symptoms associated with myocardial in- 
farction; namely, fever and leucocytosis, pericarditis, and embolic phenomena; 
and (4) additional symptoms such as gastric, vasomotor and nervous. 

The longest duration of symptoms before death in sclerosis was three and 
one-half years (Case 2), and then the patient died suddenly. One patient had 
symptoms for six months; 2 had symptoms for two months; and 2 had some 
previous but slight symptoms. In 3 the duration of symptoms is unknown. 
Since the mortality of the first attack is only about 16 per cent,’ prompt recogni- 
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TABLE II 


TYPES OF CORONARY OCCLUSION 
CORONARY CORONARY SYPHILITIC 
SCLEROSIS SCLEROSIS ATRESIA OF CORONARY 
WITHOUT WITH CORONARY EMBOLISM 

THROMBOSIS THROMBOSIS ORIFICE 


No. of Cases 11 4 2 
Age 26 0 0 | o | 
36 0 0 1 
40-47 4 1 
50-59 6 1 
62-63 0 2 


79 
(2 








TOTALS 


ll eel 


) 


‘whedes 


Sex 
Male 
Female 
Race 
White 
Black 


tion is an advantage for earlier and prolonged rest treatment and a better fune 
tional outlook. 


Pathology.—Unfortunately ‘‘coronary thrombosis and infarction of the 


heart are generally spoken of in the same breath as if they were one and the 
same thing,’’!? whereas ischemie necrosis of the myoeardium may result from 
only an extreme degree of narrowing of the coronary arteries, a lesion too seldom 
stressed in the literature. That ‘‘the obstruction is almost always due to the 
development of a thrombus’” is not borne out by postmortem findings (Boyd,'” 
Willius,’* and Bedford"). The clinical use of the term ‘‘Coronary Occlusion, 
due to... (type of lesion) ’’ is suggested. 

In every ease of sclerosis with or without thrombosis the occlusion was in 
the left coronary artery, and in only one ease was it not in the anterior deseend- 
ing branch. The typical location for the largest atheromatous pateh was from 
2 to 3 em. beyond the bifureation of the main artery. In coronary disease the 
statistical evidence is in favor of a diagnosis of left coronary occlusion unless 
there is some definite evidence for right coronary occlusion, sueh as emboli in 
the lungs from a mural thrombus in the right ventricle. The right eoronary 
artery was the seat of the lesion only in the ease of embolism. The left coronary 
was the seat of the lesion in 16 of Wearn’s® 19 eases. Of 33 cases with autopsy, 
Willius'® found the left coronary artery oeeluded in 29, the right in 2, and 
both in 2. 

The areas of ischemic necrosis generally appeared in the anterior portion of 
the left ventricle near the apex; in four eases they also appeared in the left side 
of the interventricular septum. Althcugh in 10 cases there were distinet gross 
acute infarets, in only 3 of them were there conspicuous white infarets. It is 
‘‘acute infarct formation 
may frequently be overlooked in the gross specimen.’’!* Ischemic necrosis was 


necessary to closely inspect the myocardium because 


evident in every ease microscopically. Such a heart embalmed immediately after 
death presents an easily discernible infaret which is characterized by a pink 
area of softness (devoid of arterial supply) surrounded by firm, fixed myo- 
eardium; postmortem blood clotting which has occurred before embalming may 
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obstruct a coronary artery and the surrounding myocardium may simulate an 
antemortem infarct, but then the microscopic picture of swollen muscle cells with 
granulation, loss of striation, shrunken nuclei, leucocytie infiltration and of a 
bordering zone of hyperemia is absent. An infaret which extends to the endo- 
‘ardium offers an opportunity for the formation of a mural thrombus (only 
one, Case 14, in this series) and resulting emboli, or, the infaret may extend to 
the pericardium and bring about a pericarditis. An infaret may become thin, 
form a myocardial aneurysm, and finally rupture. Myofibrosis, evidence of 
previous anemia, was found in all eases except the one of embolie occlusion. 
Generalized arteriosclerosis was found in 14 eases; and in 2 eases syphilis may 
have been the etiology of the sclerosis. An enlarged liver (1,750 gm. or over) 
oceurred in only 50 per cent, a low figure. Albuminuria was present in 66 per 
cent of the cases in which urinalysis was done. Extracardial thrombi were found 


in only 2 cases. Meakins' in 62 cases of coronary artery thrombosis found 


extracardial thrombi in 40 eases. 


TABLE III 


SuDDEN DEATH, ALL CAUSES 


CORO- RUPTURED PUL- 
NARY AORTIC MYOCAR- MONARY 
oc- ANEU- DITIS EM- 
CLUSION RYSM BOLISM 
No. of Cases 13 
Age 19 0 e 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
Sex 
Male 
Female 
Race 
White 
Black 


UNDE- HEAT 
TER- PROS- TOTALS 
MINED TRATION 




















Sudden Death.—Excepting the accidental and traumatic deaths there were 25 


sudden deaths from all causes. Table III shows the various causes with age, 
sex, and race figures. Cerebral hemorrhage is a clinical diagnosis commonly 
made at sudden death. Death from cerebral hemorrhage occurred in only 3 
cases within twenty-four, twenty-three, and fourteen hours, respectively, after 
the strokes. ‘‘Of all sudden and unexpected deaths, apoplexy furnishes the 
fewest autopsies and inquests.’’'° The largest single cause was coronary oc- 
clusion, which was more frequent than all other causes combined. It is interest- 
ing to note that of 11 cases of sudden death in the white race, 8 were of coronary 
occlusion. Table IV shows the various types of coronary artery occlusion which 
caused sudden death. Major MeNabb,'® in reviewing the 348 autopsies he per- 
formed in a year at the Canal Zone Board of Health Laboratory, found 14 cases 
of sudden death caused by coronary occlusion, and that ‘‘60 per cent of sudden 
deaths were a result of myocardial failure resulting from coronary lesions.’’ In 
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a recent study of 198 patients brought in dead, Bedford"* found ‘‘ coronary artery 
disease, 80 cases, and atheroma of coronary arteries, 63 cases.”’ 
TABLE IV 
SUDDEN DEATH FROM CoRONARY OCCLUSION 


SYPHILITIC 


SCLEROSIS THROMBOSIS se : TOTALS 
ATRESIA OF ORIFICE 
No. of cases S 3 nm ws a 
Age 
30-39 0 0 1 1 
40-49 3 0 0 3 
50-59 5 1 1 7 
60-69 0 2 0 2 
70-79 0 0 0 0 
Sex as oe aii tien : — = 
Male 8 3 2 13 
Female 0 0 0 0 
Race 
White 5 3 0 8 
Black 3 0 9 5 


Seott'? has aptly said ‘‘when a man beyond forty and in his usual health 
is seized with a severe attack of substernal pain, accompanied by shock, cireula- 
tory collapse, and dyspnea, we may assume that something definite has happened 
in the heart. If the patient dies in a few minutes, we may be reasonably sure 
that he has had a cireulatory accident, most likely coronary. Indeed, more than 
90 per cent of all individuals dying suddenly .. . will show at autopsy a cardiac 
lesion, coronary disease... or rupture of the heart at the site of an old or 
recent infaret. In a few cases a ruptured aorta is found. Very rarely does 
cerebral hemorrhage kill in a few minutes. In spite of these well-established 
facts we still find such erroneous diagnoses as ‘acute indigestion,’ or ‘ptomaine 


poisoning’ given as the cause of sudden death.’’ 


SUMMARY 


In a study of 345 consecutive autopsies, of which 286 were upon bodies 
over one year of age, representing 208 negroes and 78 Caueasians, and which 
were performed one calendar year, there are presented: 18 cases of coronary oc- 
clusion produced by sclerosis without thrombosis (11), sclerosis with thrombosis 
(4), syphilitic constriction of a coronary artery orifice (2), and embolie oe- 
clusion (1); a discussion of the symptoms and pathology of coronary occlusion; 
and a diseussion of 25 eases of sudden death, 13 of which were caused by 
coronary occlusion. 


ce 


It is suggested that the inaccurate general term ‘‘coronary thrombosis’’ be 
used only when an actual thrombus is present. 

The following working rule is suggested: Unless there are signs definitely 
indicating other disease in a white male over forty years of age who dies within 
three hours after the onset of either respiratory, cardiac, or gastric symptoms, 


the cause of death is coronary occlusion. 
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ALPHA DINITROPHENOL AND ITS INFLUENCE UPON METABOLISM? 


WILLIAM EaGpert Ropertson, M.D., F.A.C.P., Puiape-peuta, PA. 


M* INTEREST in this chemical substance was aroused during the Great 
War. The reports of cases of acute and others of chronic intoxication ; 
the circulatory disturbances in the former and the progressive loss of flesh, 
anemia, and sweating in the latter, and even sudden death among some of the 
acute manifestations, naturally invited attention in relation to the manufacture 
of munitions, especially during that period when part of this industry de 
volved upon the United States. When the pernicious potentialities of certain 
of the chemicals utilized in the making of explosives were clearly recognized, 
successful methods of safeguarding those in the industry were introduced. 
It was this factor probably which caused a lag in the attention originally 
given to the subject. However, during the past two years especially, numer- 
ous articles have appeared, most of them in the French journals, particularly 
by pharmacologists and physiologists. Most of the published work has dealt 
with the effects of nitrated naphthols, specifically dinitro-alpha-naphthol, often 
referred to for the sake of brevity as D. A. N. Of the two isomers, alpha and 
beta-naphthol, the nitrated alpha-naphthol has received the greater attention. 
These two are derived from coal tar, or are prepared synthetically by hydrat- 
ing the hydroearbon naphthalene. The phenol group consists of nitrated 
hydroxyl derivatives of benzene. Both the naphthol and phenol groups are 
toxic in certain doses. Both are thermogenic, also in appropriate doses, but 
the naphthol group is more selective in its thermogenie¢ properties, for certain 
animals fail to develop fever, irrespective of the route by which the drug is 
administered. 

Renewed and widespread interest has been stimulated by the recent 
article by Cutting, Mehrtens and Tainter,’ and still more recently by the pub- 
lications of Anderson, Reed and Emerson? and by Tainter, Stockton and Cut- 
ting.* Each of these reports dealt with alpha-dinitrophenol (1: 2: 4), and, as 
the Preliminary Report of the Council* stated, ‘‘this compound is relatively 


9? 


new both to pharmacology and to clinical medicine. To those who know 
something of the literature of this subject, and particularly if they have had 
some clinical experience with this chemical, the advice of the Council will be 
regarded as sound. ‘‘There are limitations to and possible dangers from the 
use of the drug clinically. It should be used only under strictly controlled 
conditions.’” Pertinent to this quotation, it may be stated that the dose should 
be accurate, based upon the weight of the patient, and converting metrie into 
apotheeary’s weight may introduce a possible error. I seriously question 


*From the Medical and Metabolic Departments of The Philadelphia General Hospital. 
Received for publication, December 28, 1923. 
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whether any prescription receives the calm and dispassionate attention it 
deserves, in the delicatessen and lunch counter drug store. Perhaps the 
abolition of the Eighteenth Amendment may aid in restoring that which has 
come to be spoken of as the older type of drug store. 

In an editorial comment’ on dinitrophenol, the writer raises the question 
as to whether there are cumulative effects from small doses repeated over long 
periods. To this it may be said that the drug has been given over a period of 
months with no appreciable ill effects. In doses over 10 mg. per kilo it will 
produce profuse, drenching sweats, fever, and very high metabolie rates. In 
the doses generally employed, 3 to 5 mg. per kilo, there is rarely even a slight 
elevation of temperature as measured by the clinical thermometer, no increase 
in heart rate, sweating is not always marked, but the metabolic rate begins to 
rise soon after the drug is taken, but falls to the patient’s normal again in about 
forty-eight hours. The increased metabolic rate is not maintained after stop- 
ping the drug, even in those to whom it has been given over long periods of 
time. There is no proof therefore, based upon the specifie action of the drug, 
that cumulative effects occur. Eruptions have been reported and edema, espe- 
cially from the sodium salt which is much more soluble than the acid. Whether 
other idiosynerasies exist, or whether it will manifest any ill effects in the 
presence of infections or disturbed metabolic states, cannot be stated defi- 
nitely at this time. Both from animal experimental work, using nitrated 
naphthols, and from the clinical use of alpha dinitrophenol, it is fairly evident 
that these compounds should not be used in diabetes or in any phase of hyper- 
thyroidism. Owing to the rapidity with which the average obese individual 
passes ‘‘from hand to mouth’’ so to speak, the difficulty in controlling diets, 
even in the hospital ward, in the absence of a well-organized metabolic depart- 
ment, and the almost uniform rapidity with which dinitrophenol speeds up 
metabolic rate, the chief interest seems to center in the possibility of weight re- 
duction without detailed and specific supervision of the dietary. With this in 
view therefore, I solicited the cooperation of the metabolic department of 
the Philadelphia General Hospital, under the directorship of Dr. Edw. 8. Dillon, 
Dr. W. G. Karr the metabolic chemist of the department, and Mr. Theodore V. 
Letonoff, assistant metabolic chemist. 

The patient, J. S., a male, aged fifty-six, a chauffeur, was admitted to my 
ward on July 18, 1933. He complained of swelling and soreness of his ankles, 
of pain in various parts of his trunk and limbs, and that his excessive weight 
and dyspnea prevented him from working. Decidedly short, his average weight 
had been 168 to 170 pounds for some years. Nineteen months prior to his ad- 
mission to hospital, he had reached 200 pounds. This remained fairly con- 
stant until seven months ago, when he began to gain more rapidly and went 
up to 245 pounds. Unable to work, probably economic conditions brought about 
a reduction in weight, for he was 214 pounds when first seen. He was not only 
obese, but he had in addition a nodular, circumscribed lipomatosis on limbs, 
thorax, and abdomen. As is not unusual, many of these areas were tender, he 
was subject to neuralgie pain, tired easily, a syndrome characteristic of adiposis 
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dolorosa and not unusual in the nodular, circumscribed variety. This nodular 
distribution he first noted thirty years ago and gradually the tumefactions 
increased in number, a few having become quite large. His bowels were regular, 
his habits good. He denied the use of aleohol. No syphilitic history, Kahn 
negative. Family history of no importance. His past history was good, but for 
a postnasal catarrh for some years and moderate deafness, especially in the right 
ear, which followed a severe cold ten years ago. For some months he had a 
productive cough and an occasional night sweat. 

Physical Examination.—Not of pituitary type. No abnormal distribution 
of hair. Teeth in poor condition. <A little pyorrhea. Tonsils enlarged. Few 
rales at bases of lungs. Heart: 13 em. from midline to left border. No mur- 
mur. Muscle tone suppressed and distant. Pulse rate 80. Blood pressure, 
142 systolic; 90 diastolic. Abdomen: No gross pathology noted. Genitalia: 
normal. Eyes: Pupils reacted normally to light. Veins overfull. No patho- 
logic findings on examination of fields. Skull: X-ray of bones of skull was 
negative. No evidence of intracranial pressure. Sella slightly larger in ver- 
tical diameter than normal. <A narrow bridge of bone passed from the an- 
terior to the posterior clinoid, but the clinoids were otherwise normal. One 
of the circumscribed, fatty masses was removed for a biopsy. Dr. R. P. Custer 
reported the finding of typical adult fat supported by the usual fibrous 
trabeculae. 

Before any of the drug was given to him, he had a basal metabolism rate 
of plus 6 on one occasion, plus 8 on another. His blood counts and urine 
were normal. Blood cholesterol 270, and his calcium 12.6 and 10.3 at different 
times. Liver function by the bromsulphaline and by the Quick, benzoic acid 
methods were both normal. Without dietary restriction, limiting fluid to 
1,500 ¢.c. daily, he lost four pounds in nine days, his weight now being 210 
pounds on July 27, 1933. On Aug. 9, 1935, he was placed upon a diet of 


Proteins Fats Carbohydrates Calories 
100 50 100 1,250 


Fifteen days later, on Aug. 24, 1933, he weighed 205 pounds, a total loss of 
but 9 pounds in thirty-seven days, approximately 4, of a pound a day. On 
Sept. 18, 1933, he was admitted to the men’s metabolic ward and the metabolic 
study was begun. At this time he weighed 197 pounds, a total loss of 17 


pounds in sixty-two days, a little over 44 of a pound a day since his admission 
to the hospital. Up to this date he had received no dinitrophenol and during 


this period his basal metabolism rate was plus 6 on July 27, 1933, and plus 8 
on Aug. 24, 1933. On Sept. 18, 1933, his fasting blood sugar was 100; Urea N. 
0.013; CO,, 59 vol. per cent. For the next three days he was kept upon the 


following diet: 
= 


Proteins Carbohydrates Calories 
100 100 1,250 
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Sept. 22, 1933, his diet was changed as follows: 


Proteins Fats Carbohydrates Calories 
85 60 200 1,680 


Sugar Tolerance 
Fasting 3 mg. 
4 hour 32 mg. 
1 hour mg. 
2 hours 90 mg. 
hours mg. 


| URINE | 
| GM. N. | RQ. 
| PER HR. | 


. PER HR. BURNED FROM 





| 


| 


a 
| PROT. | FAT | CARB. | WEIGHT 


Sept. 25, 1933 No breakfast or lunch, regular supper 
A.M. 7:30 92 | | | 

6 A.M.-9 A.M. 0.511 
8:50 | 





| 0.78 +6 


9:15 | 0.45 gm. dinitrophenol 
11:15 93 | 0.75 | +437 
| 


9 a.M.-12 Noon 
P.M. 1:15 
12 Noon-3 P.M. 0.424 | 
3:15 102 | | 0.74 | 444 
Sept. 26, 1933 No breakfast 
A.M. 8:20 | 0.73 | +424 


0.415 0.74 | +437 














6 A.M.-9 A.M. | 0.447 
9:00 | 0.45 gm. dinitrophenol 
11:00 | Wy f | +452 
9 A.M.-12 Noon |} 0.492 
P.M. 1:00 | Regular lunch | 69 | +454 
and supper 








Sept. 27, 1933 
A.M. 8:50 | 0.73 +27 
9:00 | Regular breakfast plus 0.36 gm. dinitrophenol 
11:00 Regular lunch | 0.85 +72 | 
and supper | 





Sept. 28, 1933 | | | 
101 | | 080 | +424 | 13 
100 gm. glucose plus 0.45 gm. dinitrophenol 
180 | | 0.81 , +438 : 
118 | | 0.93 | +41 
74 | 0.91 +33 
0.491 | | 


| Readmitted to Men’s medical ward 
| | 

| 0.76 | +7 

| +36 




















It will be noted that from Sept. 18 to Oct. 3, 1933, a total of fifteen days, 
he lost an additional four pounds in weight, or approximately one-quarter 
pound per day. Following his return to the medical ward, he was not given 
dinitrophenol for a couple of days, hence his return to a basal metabolic 
rate of plus 7, with a respiratory quotient of 0.76. The dose of 0.45 gm. 
given at one time on September 25 and 26, the first two days of the observa- 
tion, was equivalent to 5 mg. per kilo. The same dose was given on Septem- 
ber 28, but on September 27 the dose was less, being but 4 mg. per kilo. 
Despite the smaller dose on this day, the basal metabolism rate rose to plus 
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72, very much higher than it had done on September 25 and 26, which were 
fasting periods. We interpreted this as being due to the specific dynamic 
action of the food, plus the elevation of rate due to the drug. It will be 
evident, therefore, that in the ambulatory individual on a full diet, even 
smaller doses should be employed. One woman who was on a full diet and 
ambulatory, except during the period of study of her rates, with a basal rate 
of minus 27, was given but 1 me. per kilo. One hour later her rate was minus 
22, and after another hour it was minus 13. In none of the various observa- 
tions above cited was there any appreciable change in temperature and pulse 
or respiration. On another occasion, I intend to present other phases of this 
subject, but at this moment my chief concern is to advocate a small dose once 
a day of 3 mg. per kilo, or even better, but 2 mg. per kilo over a long period 
of time, to the obese individual who is not a diabetic, and is engaged in a daily 
routine, i.e., not bedridden. This I regard as perfectly safe. Weight will 
not be lost rapidly and many days may elapse after the drug is first given 
before the weight begins to fall, but it is fairly steady and continuous subse- 
quently. In the case of J. 8., the subject of this special study, as previously 
stated, there was a loss of but 17 pounds in sixty-two days before dinitro- 


phenol was given. Under a strictly controlled diet, three partial fasting days 


being ineluded in a total of seventeen days up to the day of his discharge 
from the hospital on October 12, his weight fell to 187 pounds, a further loss 
of 10 pounds, or at the rate of three-fifths of a pound per day. The metabolic 
study in the case of J. S. shows the time factor in the development and the 
extent to which the basal metabolism rate is raised on a dose of but 5 mg. 
per kilo. At the same time the respiratory quotient was slightly lowered on 
September 25. With but one meal on this day and no breakfast next morn- 
ing, a further lowering of the respiratory quotient is what would be expected. 
This progressive drop in the respiratory quotient, during the first two days 
of the study, does not necessarily mean that the oxidation of fat is stimulated, 
though very suggestive. The low calory intake must also be considered. It 
seems equally evident that the extra oxidation caused by the drug was not 
accomplished at the expense of protein or carbohydrate. The progressive in- 
crease in calories of fat burned per hour on each of the first two days, when 
considered in the light of the other findings portrayed, makes it very prob- 
able that the very evident increase in oxidation is at the expense of the fat. 
A side light is shed on this feature in our obese cases of cardiac decompensa- 
tion. Presumably the interface phenomena of fat and water in the edematous 
cardiac case, in some way affords a firmer binding of the two. The basal 
metabolic rate does not mount quite so high, and until the tissue fluids have 
been mobilized and in large part excreted, there is no appreciable loss of flesh 
and the loss is very gradual when it does occur. An attempt to reduce the 
weight of the obese individual with myocardial involvement is manifestly 
justifiable, but it remains in doubt as to whether it is advisable to attempt it 
by means of dinitrophenol. 

The study of sugar tolerance after 100 gm. of glucose plus 5 mg. per kilo 
of the drug, indicates that sugar utilization during the first hour may be in- 
hibited. At the end of the second hour the blood sugar is essentially normal, 
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and the respiratory quotient of 0.93 is what one would anticipate, even had 
no drug been given. In experimental work on animals with dinitro-alpha- 
naphthol, an early rise in the blood sugar has been noted and the liver and 
muscle glycogen are reduced. 


It is of further interest to note that a single dose of 5 me. per kilo, given 


during the fasting state, caused a rise in the rate of 31 per cent in less than 


two and one-half hours, and a total rise of 38 per cent in about six and one- 
half hours. Twenty-four hours after the administration of the drug, the rate 
remained 18 per cent above his basal rate of the previous day. On another 
oceasion, two hours after a dose one mg. less per kilo, given with his regular 
breakfast, there was a rise of 45 per cent in his rate, but this was regarded 
as a summation effect. The rapid action of the drug upon heat production in 
the fasting state was very similar on the two days. On the first day this was 
31 per cent and on the second day 28 per cent, each in a little over two hours. 
Oxidation was much less rapid and less pronounced when the drug was given 
with a glucose meal, than when it was given alone and in the fasting state. 


COMMENT 


1. A metabolie study of the effects of dinitrophenol has been reported. 

2. The rapid increase and degree of oxidation have been shown, (a) in the 
fasting eondition, (b) when given with a glucose meal, (¢) the summation effect 
of drug and regular meal. 

3. The probability that oxidation occurs at the expense of fats has been 
suggested. 

4. The question of dosage has been considered and in the light of present 
knowledge, doses of 2 to 3 mg. per kilo at one dose daily have been advised. 

5. It would seem unwise to use it in a ease of diabetes or in an edematous 
individual. 

6. In appropriate doses, though its oxidative properties are striking, weight 
loss is not rapid, nor is there any appreciable effect upon temperature, pulse, or 
respiration. 
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ABSORPTION OF DEXTROSE FROM THE HUMAN 
GASTROINTESTINAL TRACT* 


Max WisHNorsky, M.D., Brooktyn, N. Y. 


N 1925, Cori,’ as a result of an ingenious method by which absorption of 

saccharides from the entire gastrointestinal tract of rats was studied, came 
to the conclusion that (1) a proportionality exists between the absorbing 
surface of intestine and body weight in growing male and female rats, and 
(2) the rate of absorption of hexoses is constant and is independent of the 
absolute amount and of the concentration of sugar present in the intestine. 
He calculated the absorption rate to be 1.78 grams of dextrose per kilogram 
of rat. 

Trimble, Carey and Maddock,’ utilizing Cori’s technie in dogs, made sub- 
stantially the same observations. They found that the rate of absorption of 
dextrose from the intestinal tract of dogs is one gram per kilogram of body 
weight per hour; also, that this rate is constant and not influenced by: (a) the 
concentrations; (b) the absolute weight of dextrose ingested; (c) lengths of 
absorption period; (d) weights of the animals used; and, (e) excitement occa- 
sioned by experimentation. 

MacKay and Bergman,’ also employing Cori’s method of study, made 
findings entirely at variance with those of the latter. They concluded that 
(1) the absorption rate of dextrose per unit of time from the intestinal tract 
of male and female rats of various ages bears a more constant relation to 
body surface than to body weight, and (2) the absorption coefficient (amount 
of dextrose absorbed per unit of body surface per hour) is raised by increases 
in either the amount or concentration of dextrose administered. Whatever 
the dose, the rate of absorption decreases with time after it is given. Pierce, 
Osgood and Polansky‘ and Burget, Moore and Lloyd® previously had made 
observations which are in agreement with those of MacKay and Bergman. 
In addition they found that the total amount of dextrose absorbed and the 
amount absorbed per 100 gram of body weight per hour varies within wide 
limits. These variations are not dependent on body weight or upon the 
actual amount of dextrose fed. 

In animal experiments, then, the findings and conclusions of the various 
investigations are diametrically opposed to each other. 

Jacobsen® found that the administration of water does not influence the 
‘‘fasting’’ blood sugar level. Strouse’ made similar observations, and in 

*From the Diabetic Clinic and the Departments of Pathology and Metabolism of the 
Jewish Hospital of Brooklyn. 
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addition noted that the ‘‘fasting’’ blood sugar level is not changed by in- 
creased excretion of water. Boe® found in dogs that the administration of a 
dilute solution of dextrose causes only an insignificant rise in blood sugar; 
whereas a more concentrated solution caused a much higher rise. This may 
be taken as evidence that the more concentrated the solution the greater is 










the rate of absorption. 

Direct methods of study of the absorption of dextrose from the gastro- 
intestinal tract are, of course, not applicable to man. We are, as a consequence, 
deplorably ignorant of this subject as far as human beings are concerned. 
From a study of the respiratory quotient curve after the administration of 
dextrose, Johansson® concluded that the maximum rate of absorption of 
dextrose in man is between 80 and 100 gm. per hour. 

In this paper will be reported the results of an investigation, by an in- 
direet method, of the laws governing the absorption of dextrose from the 











human gastrointestinal tract. 

In a normal individual it is practically impossible to raise the blood sugar 
level above 180 mg. per 100 ¢.c. of venous blood on the administration of 
dextrose by mouth, for the amount of insulin secreted is easily capable of 
causing the abstraction of dextrose from the circulation regardless of the 
rapidity with which it is absorbed from the intestine. In diabetes mellitus, 
howev: r, hypoinsulinism exists and the amount of insulin secreted at any 
particular time is fixed and dependent on the severity of the case. The 
amount of dextrose that the individual diabetic can metabolize per unit time 
follows the equation determined by Allan.* '° If the absorption of a certain 
amount of dextrose per unit time in a given diabetie gives rise to a certain 
blood sugar curve, the absorption of a greater amount will cause a higher 
blood sugar curve because the amount of insulin secreted remains constant. 
In the same diabetic, the greater the amount of dextrose absorbed in a given 
time, the higher will the blood sugar curve be. If, then, one gives to the 
same diabetic varying amounts of dextrose, two days apart, the blood sugar 
curves will be equal in height or higher with the larger dose, depending on 
whether the rate of absorption is the same or greater with the larger dose.t+ 

















PROCEDURE 





METHOD OF 









With this a basis, experiments were performed on 14 female diabetics. 
To each one two doses of dextrose were given; a large one on one day, and 
a smaller one two days later. To a group of three, 125 gm. of dextrose were 
given on the first day and 25 gm. two days later; to a second group of six, 






*The dextrose equivalent of insulin in any given case is not a constant, but is represented 
by the equation g(u)%**> = 10'* where g is the amount of dextrose metabolized by each unit, 
and u is the number of units of insulin given. The dextrose equivalent of insulin is increased 
if the amount of insulin remains constant and the amount of dextrose increased, or if the 
amount of dextrose remains constant and the amount of insulin decreased; the dextrose equiva- 
lent is decreased if the amount of insulin is increased and the amount of dextrose remains 
constant, or if the amount of dextrose is decreased and the amount of insulin remains constant. 
In this situation the amount of insulin remains constant. If more dextrose isi absorbed the 
dextrose equivalent will be increased, so that the rate of rise of the blood sugar curve will be 
less and less with increasing rate of absorption of dextrose. 

fIt is realized that the blood sugar level is influenced by the secretions of the thyroid, 
adrenal and pituitary glands, and other factors. It is fair to assume that these factors, like 
insulin, remain constants during the period of experimentation. 
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either 100 or 150 gm. were given on the first day and 50 gm. two days later 
to a third group of five, 150 gm. were given on the first day and 75 gm. tw) 
days later. The anhydrous dextrose was dissolved in distilled water an 
made up to 500 ¢.c. An hour after the administration of the dextrose 250 ¢. 
of water were given. The total volume was therefore 750 ¢.c. in each eas 
for both the large and the small dose. 

The dextrose was given in the morning after a fast of fourteen hour: 


se 


Blood (venous) specimens were taken at the ‘‘fasting level,’’ immediate! 
before ingestion, and forty-five minutes, two hours, and in some eases, thr 
hours after the ingestion of the dextrose. The sugar content of the bloo 
was determined by the macro Folin-Wu method. The urine was collecte 
at the end of the first, second, and in some of the eases, third hour afté 
ingestion of the dextrose, and its sugar content determined by Benedict 
method. 
ANALYSIS OF RESULTS 


The results are incorporated in Table I. After careful consideration ji 
was decided that the best method of determining the influence of the differen: 
doses on the blood sugar curve was to ecaleulate the differences in rise of bloo 
sugar concentration when the large dose and the small one were given, from 
the ‘‘fasting level’’ to the ‘‘forty-five-minute,’’ ‘‘two-hour,’’ and ‘‘three-hour”’ 
levels, respectively. To illustrate: in Case 1 (Table I) the ‘‘fasting level’”’ 
when 125 gm. of dextrose were given was 214, and the ‘‘forty-five-minute 
level,’’ 332, indicating a rise in blood sugar concentration of 118 mg. per 
100 e.e. of blood. When 25 gm. of dextrose were given the ‘‘fasting level’’ 
was 230 and the ‘‘forty-five-minute level,’’ 332, indicating a rise in blood 
sugar concentration of 102 mg. per 100 ¢.c. of blood. The difference in 
elevations is 16. <A plus sign is arbitrarily placed in front of the 16 to indicate 
that the rise is greater when the larger dose is given. A minus sign, on the 
other hand, indicates that the rise is greater when the smaller dose is given. 

Analyzing the blood sugar concentrations at the ‘‘two-hour level’’ it will 
be observed that in Group I, in all eases, the rise is markedly greater with 


the larger dose. This also holds true for all the cases in Group II, although 


the difference is much less and in one ease (Case 9) is within the limit of 
error of the method used to analyze the blood. In Group III, however, a 
striking change has taken place. Here, in four out of five cases, the rise is 
greater when the smaller dose is given. This is of fundamental significance 
for it indicates that at the end of two hours at least as much dextrose is being 
absorbed when 75 gm. are given as when 150 gm. are given; in other words, 
the rate of absorption of dextrose is the same regardless of the absolute amount 
in the intestine. Asa corollary to this it may be stated that the rate of absorp 
tion is constant. 

An interpretation may now be given for the greater rise in blood sugar 
concentration at the ‘‘two-hour level’’ in Groups I and II when the larger 
dose is given. The reason is that the dextrose, when the smaller dose is given, 
has been completely absorbed before the end of two hours so that the blood 
sugar concentration has been dropping for some time before the ‘‘two-hour 
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level’’ is reached. This is brought out in Group II at the ‘‘three-hour level.’’ 
‘flere in every one of the four cases studied, the difference in rise is decidedly 

-reater than at the ‘‘two-hour level.’’ Also, in Group I, the difference in 
rise at the ‘‘two-hour level’’ is much greater than in Group II because the 
lood sugar concentration in the former has been dropping for a much longer 
ime. 

It follows, then, that when 75 gm. of dextrose are given (Group III), 
he amount remaining in the gastrointestinal tract at the end of two hours 
s less than 25 gm.; whereas when 150 gm. are given, the amount remaining 
t the end of two hours is between 75 and 100 gm. The important deduction 
rom these findings is that the amount of dextrose absorbed in two hours from 
he gastrointestinal tract of the average adult diabetic lies somewhere between 
0 and 75 gm. Since there is no reason to suppose that the rate of absorption 
liffers in normals from diabetics, this statements holds for all adults. 

Analyzing the ‘‘forty-five-minute level’’ one finds that in 13 out of the 
4 cases the rise is greater with the larger dose. In 6 out of the 14 cases 
he figure for the difference in rise is within the limit of error of the method 
ised for analyzing the blood. In spite of this, one is impressed that the 
lifference in rise is somewhat greater when the larger dose is given. It is 


no greater in the group receiving 25 em. than in the one receiving 75 gm. 


‘ 


What is the cause for this greater rise with the larger dose at the ‘‘forty- 


five-minute level’’? 

It was stated above that some investigators*® * > found that the rate of 
absorption is increased by increase in concentration of dextrose administered ; 
also, that Boe* observed that the level of the blood sugar curve is higher when 
a more concentrated solution is given. In the experiments recorded in Table 
|, the volume was kept constant; the concentration necessarily varied. 

The question then is: Is the greater rise with the larger dose due to the 
fact that the solution administered was more concentrated? To determine 
this point, the following experiment was performed. To seven patients, suf- 
fering from diabetes mellitus, varying doses of dextrose, of equal concentra- 
tion, namely 32 per cent, were given two days apart. On one day 125 gm. 
and two days later 45 em. of dextrose were administered. Venous blood was 
taken at the ‘‘fasting level’? immediately before ingestion, and forty-five 
minutes after ingestion. The results are incorporated in Table II. It is to 
be observed that in 6 out of 7 cases the rise is greater with the larger dose, 
and that the differences in rise are of the same magnitude as in Table I. The 
conclusion to be drawn is that the height of the blood sugar curve is not 
influenced by differences in concentration of the dextrose administered. As a 
corollary it may be stated that the rate of absorption of dextrose is not in- 
fluenced by this factor. I am at a loss to explain the greater rise in blood 
sugar concentration with the larger dose at the ‘‘forty-five-minute level.’ 

The observations made above have a practical value. The dextrose toler- 
anee test, especially when combined with a simultaneous study of the respir- 
atory quotient curve,"! constitutes the best method of determining the pres- 
ence of diabetes mellitus and also its severity.’** In a symposium on the 
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dextrose tolerance test, Gray** lists the test substances and doses used b+ 
rarious investigators in the study of carbohydrate metabolism. They are a; 
follows: from 20 to 25 gm. of dextrose ; 50 gm. of dextrose; 70 gm. of dextrose: 
100 gm. of dextrose; from 150 to 200 gm. of dextrose; 100 gm. of levulose: 
from 50 to 100 gm. of cane sugar; 25 gm. of stareh; 50 gm. of starch; fron 
70 to 100 gm. of starch; and a mixed meal. In addition it may be mentione 
that Janney and Isaacson™* use 1.75 gm. of dextrose per kilogram of bod 
weight. The choice of these doses and substances in all instances is purel 
arbitrary. 

John’® performed dextrose tolerance tests on 50 patients with diabete 
using 100 gm. of dextrose as a test dose. He found that in 86 per cent o! 
the cases the maximum rise occurs within two hours after the ingestion 0: 
the dextrose. This also holds true when 150 em. of dextrose are given, fo 
in 5 eases in which this dose was given by me (see Table I) all had th: 
maximum rise within the first two hours. The character of the curve afte 


TABLE I 


REPEATED DEXTROSE TOLERANCE TESTS IN DIABETICS USING VARYING AMOUNTS OF DEXTROSE 
(VOLUME oF FLUID CONSTANT) 
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*In milligrams per 100 ec.c. of blood. 
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he first two hours is determined by the size of the dose; the larger the dose, 
he longer it will take for the ‘‘fasting level’’ to be attained. In performing 

dextrose tolerance test it is of value not only to determine whether the 
slood sugar curve is or is not higher than normal but also the maximum rise 
‘btainable. From Table I it can be seen that 75 gem. of dextrose is the small- 
‘st dose that will give a maximum rise in blood sugar in the average adult 










liabetie. 

It is also important to note that a dose of 50 gm. of dextrose or less may 
‘ail to disclose a potential or very mild diabetic if the ‘‘fasting level’’ is 
iormal. The reason is that because of the complete absorption of the dextrose 
efore the end of two hours post cibum, the blood sugar may drop to the 
‘fasting level’’ at the end of the two hours. This event would not oceur if 
i5 gm. of dextrose are given. Seventy-five grams of dextrose is the minimum 
lose that can be used to detect diabetes mellitus. It is accordingly proposed 
hat 75 gm. of dextrose be used as the test dose. 









A point which is not entirely relevant to the subject of this paper may, 
nowever, with value be discussed here. Does the administration of large 
quantities of dextrose, such as the patients received in these experiments, lead 
to a breaking down of tolerance? Joslin’® strongly deprecates the use of the 
dextrose tolerance tests in diabetics, although he has never seen one injured 
by them. Ohler’ also argues that on theoretical grounds the giving of large 
quantities of dextrose is harmful. Allen,’* in his work on partially depan- 
creatized dogs, found that excessive feeding of carbohydrates, especially 
where given in a rapidly absorptive form, such as dextrose, leads to a rapid 
breaking down of tolerance. Several years ago I’* observed for several months 
seven diabetics who had had two dextrose tolerance tests performed two days 
apart. The test dose was 100 gm. of dextrose. None showed the slightest 
change in tolerance as a result of this procedure. Nor was there any depre- 
ciation of tolerance in any of ten patients of Table I as a result of receiving 
















TABLE II 





REPEATED DEXTROSE TOLERANCE TESTS IN DIABETICS USING VARYING AMOUNTS OF DEXTROSE 
(CONCENTRATION OF SOLUTION CONSTANT) 






























DOSE l CONCENTRATION OF SUGAR IN BLOOD* 
CASE | OF DEXTROSE FASTING | FORTY-FIVE MIN- | DIFFERENCE IN 

IN GRAMS LEVEL | UTES POST CIBUM | RISE 

1 125 258 | 428 +19 
45 223 | 374 | 

2 125 214 374 +22 
45 246 374 

3 125 142 | 200 | +12 
45 130 176 | 

4 | 125 131 | 196 | +10 
45 107 162 

5 125 283 428 429 
45 | 258 374 

6 | 125 | 297 | 374 | +52 
45 | 205 300 | 

7 125 250 384 -—4 
45 238 | 376 | 





*In milligrams per 100 c.c. of blood. 


1292 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


the large quantities of dextrose. It may be stated categorically that the giv 
ing of large quantities of dextrose does not « «se the slightest depreciation 
of carbohydrate tolerance in diabetics. 

SUMMARY AND CONCLUSIONS 

The absorption of dextrose from the gastrointestinal tract has beer 
studied quite intensively in animals. The results and conclusions of th: 
various investigators are conflicting. 

This subject has been almost completely neglected in man. 

An indirect method of studying this subject in human beings is described 
It consists in performing repeated dextrose tolerance tests on diabeties, using 
varying doses of dextrose. The rationale for this procedure is outlined. 

The conclusions drawn from the data obtained are as follows: 

1. The rate of absorption of dextrose from the human gastrointestina! 
tract is the same regardless of the absolute amount present. <A corollary to 
this is that the rate of absorption of dextrose is constant. 

2. The amount of dextrose absorbed from the gastrointestinal tract of 
the average adult in two hours lies somewhere between 50 and 75 gm. 

3. The rate of absorption from the gastrointestinal tract is not influenced 
by the concentration of the solution of dextrose administered. 

4. Seventy-five grams of dextrose is proposed as a standard dose to be 
used in performing a dextrose tolerance test. 


5. The ingestion of large quantities of dextrose by patients with diabetes 
does not cause the slightest depreciation of their tolerance for carbohydrates. 


Nore: I wish to express my thanks to Miss Louise Zelenko for technical assistance. 
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HISTOCHEMICAL STUDIES OF ORGANS OF TUMOR-BEARING 
RATS BY THE MICROINCINERATION METHOD* 







W. C. Hueper, M.D., Paimapetrnia, PA. 








HE study of the amount, character and distribution of mineral matter 
in normal and malignant tissues has been recently advaneed by the in- 
troduction of the microincineration method (Polieard,’ Schultz-Brauns,’ Scott 
and Horning* and others). The value of the observations made, especially 
those of comparative character, is, however, impaired by the fact, that the 
great majority of the investigators used paraffin sections in their work. 
Fixation and dehydration of tissues cause not ineonsiderable changes in 
the amount and distribution of the mineral substances in the cells (Sehultz- 
Brauns,? Policard and Okkels,t Tschopp,’ Cowdry®). The degree and type 
of changes produced by fixating and dehydrating agents depend upon their 
chemical nature, a time factor and possibly also on the physicochemical con- 











stitution of the tissues. 

Many of these defects in the proper preparation of sections for mi- 
eroincineration have been eliminated in the technie of frozen sectioning de- 
veloped by Schultz-Brauns,? who modified the commonly used method by 
eutting unfixed tissue with a knife cooled with carbon dioxide to —15° to 
20° C. Losses of mineral substances are thereby completely avoided and the 
possibility of artificial displacements of the cellular mineral skeleton is 









markedly decreased. 

The present communication represents a report of the results of an in- 
vestigation on the mineral skeleton of malignant cells studied in frozen see- 
tions of fresh, unfixed tissue eut according to a modification of the method 
of Sehultz-Brauns (Hueper’). In the second part of the paper observations 
are recorded which were made on normal and neoplastie tissues of rats treated 








with parathormone and viosterol. 












TISSUE 






MINERAL STRUCTURE OF MALIGNANT 





PART I. 









The tumor tissue used was obtained from rats which had been inoculated 
with a transplantable sarcoma, Philadelphia No. 1 and a transplantable medul- 
lary carcinoma, Walker No. 256 respectively, a detailed histologie deseription 
of which has been published in a previous paper (Waldschmidt-Leitz, Me- 
Donald, Hueper and Coworkers*). Sections were prepared with the cooled 
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knife technic from fresh, unfixed tumor tissue removed from the periphers| 
parts of the tumors. Alternating sections were stained and incinerated rv- 
spectively. For the incineration an electrically heated quartz furnace was 
used, the maximum temperature of which was adjusted to 600° C. The se 

tions were kept in the oven for about forty-five minutes. They were left in 
the incinerator until they were cool and were then covered with a glass 
coverslip which was sealed with paraffin. A Zeiss cardioid condenser was 
used for the dark-field examination. A small Leitz camera which had n 

bellows and which could be attached to the eyepiece was used in the phot: 

graphic work. The sections to be stained were first put into 95 per ce) 

alcohol and then stained in the ordinary way with hematoxylin-eosin © 
hematoxylin-phloxin. 

The stained sections show more or less densely packed tumor cells, em 
bedded in a loose connective tissue stroma. The nuclei are relatively large 
and contain dark stained chromatin material arranged in irregular lobules 
and threads. A complete or incomplete ringlike accumulation of the chro- 
matin in the periphery of the nuclei is exceptional. The cytoplasm is moderate 
to scanty in amount and is indistinctly outlined in the sarcomatous tumo: 
while rather well defined in the carcinomatous neoplasm. Small localized foc: 
of degeneration and necrosis are scattered in moderate number in the tissue. 
In these degenerative areas pyknotie nuclei are numerous. Pseudopapillary 
cystic formations are seen in some of the regressive foci. The necrotic areas 
are pink in color and contain chromatic nuclear fragments. Diffuse, usually 
perivascular hemorrhages are occasionally observed. 

The ash pictures of the tumor sections vary considerably in different 
portions of the same section. Jn the areas corresponding to the above de- 
seribed healthy parts of the tumor a seanty bluish to bluish gray reflecting 
matrix of very small granules is present. Embedded in it numerous, smaller 
and larger, somewhat ill-defined, irregularly round shaped rings are seen. 
They are either exclusively or mainly composed of accumulations of fine, bluish 
reflecting particles. The center of these rings is sometimes empty, usually, 
however, filled by a small clump of the same bluish reflecting substance or 
of a mixture of the bluish and a coarse white reflecting matter. Small white 
reflecting particles occur also in some of the bluish rings. Reddish or brown- 
ish red reflecting granules are usually absent in the ring formations. They 
appear in only a few of the sections, where they participate in appreciable 
amounts in the composition of the rings and their central content in some 
areas. Surrounding the individual rings an indistinetly outlined area of 
less densely packed bluish granules fades away into the above described 
matrix. 

The rings are much more distinet in those areas which show in the 
stained sections evidence of cell degeneration. They stand out as more or 
less solid, white reflecting formations, consisting either of a continuous or a 
discontinued, bead-like accumulation of coarse, white particles. The central 
portions of the rings are sometimes empty, but in general they are filled with 
the same white reflecting material of which the rings are composed. Solid 
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rhite, round bodies are often seen in such areas in place of ring formations 


nd are apparently the result of a merger of the ring and its central content. 
Vhite granules are also found in varying number in the zone surrounding 
he individual rings. There is not infrequently a second, outer ring present, 
onsisting of white particles arranged in a bead-like formation which seems 
» demareate the cell from the intercellular matrix. A larger amount of 
\ineral matter, in which the white reflecting particles are prominent, is also 
yund in the matrix. 

The necrotic foci of the tumor tissue are characterized in the incinerated 
ection by an incomplete or complete loss of the cellular structure. There are 
iore or less dense, diffuse accumulations of white reflecting matter, which 
ontains sometimes smaller and larger reddish brown particles. 

As the interpretation and significance of the observations recorded de- 

ends to a certain extent upon the chemical nature of the various elements 
isible in the ash pictures, brief reference may be made to the information 
vailable at the present time on this subject. It is conceded by all investiga- 
rs that the white reflecting particles represent calcium, probably in the 
orm of ealeium oxide. The brownish red to red granules seen in the ash 
are iron oxide. The nature of the bluish reflecting material is not definitely 
‘nown. Policard suggested that it represents potassium and sodium. Scheid® 
jas ealled attention to the presence of brownish, homogeneous, glassy or 
rranular substances, which appear especially often in tissues containing large 
amounts of phosphatids, such as the white substance of the brain. These 
droplets, which may occasionally express a similarly colored liquid forming 
a network in the ash (artefact), are according to the investigations of 
'schopp® and Scheid® phosphorus oxide. It may be mentioned in this con- 
nection that identical formations of droplet or network type have been ob- 
served in the incinerated sections of the two tumors examined and were found 
in general in close relation to degenerative and necrotic foci, where, how- 
ever, also brownish red granules of iron character were frequently met. 


COMMENT 


The examination of the incinerated sections of the two transplantable rat 
caneers showed that the inorganic remains of the healthy tumor tissue are 
mainly bluish reflecting granules, which represent according to Policard’s 
opinion sodium and potassium. Similar observations on the color of the ash 
of malignant and normal proliferating tissue were made by Oleh’? who re- 
ported that the ash of human breast and skin carcinomas and of the epithelial 
proliferations in chronic cystic mastitis, in hyperkeratoses and warts has a 
bluish eolor. Calcium appears either to be absent or to be present only in 
small amounts in the mineral skeleton of the healthy tumor eell. Iron does 
not seem to play any important roéle in the mineral constitution of the cyto- 
plasm and the nucleus of the cells of the two tumors examined. 

While the ring-like accumulations of mineral matter are located in the 
region where the nucleus is found in the stained sections, it appears to be 
doubtful, judging from the size and diameter of some of the rings, whether 
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these formations are located in the peripheral parts of the nucleus or ar 
mineral matter absorbed to the nuclear surface or represent to a certair 
extent accumulations of minerals in the perinuclear space. These minera' 
rings can, however, not be looked upon as artefacts resulting from the action 
of fixating and dehydrating agents upon the cells, as suggested by some in 
vestigators. 

These findings do not substantiate in some respects those recently mad: 
by Seott® and Seott and Horning,’ who reported that malignant cells ar 
characterized by an extraordinary concentration of iron and to some exten! 
also of calcium in the peripheral margins of the nuclei resembling in this 
regard the mineral structure of embryonic cells. An explanation for this 
discrepancy cannot be offered at the present time. The only conclusion 
which can be justly drawn from the evidence at hand seems to be, that noi 
all malignant cells resemble in their mineral structure that present in em 
bryonie cells, 

The observations made do not confirm another claim of Seott in regard 
to the presence of correlations existing between the mineral structure of th: 
nucleus of malignant cells, the distribution of chromatin substance and the 
absorption picture obtained by ultraviolet ray photography. Scott has to a 
certain extent disproved his own contention in his experiments with opalinids, 
where he noted the absence of a relation between the scanty amount of 
nuclear ash and the good amount of chromatin present. The chromatin sub- 
stance of nuclei of malignant cells in tumors in men, mice or rats is moreover 
not accumulated in the peripheral parts of the nuclei as contended by Scott. 
An accumulation of chromatin matter in this region is in general considered 
as evidence of cell degeneration. The location of the mineral substance as 
demonstrated by the incineration method does, therefore, not correspond to 
that of the chromatin matter of healthy tumor cells. The actual existence 


of the correlations cited above seems to be insufficiently supported by reliable 


experimental evidence. 

In regard to the absolute amount of mineral matter in malignant cells, 
the investigations reported above do not support the conception that malig- 
nant cells have a higher mineral content than normal cells (Scott). This 
impression is gained by a comparison of ash pictures of areas of healthy 
tumor tissue with those of organs of similar cellularity, such as liver, spleen, 
pancreas, kidney, lymph node, salivary gland, ete. Much apparently depends 
upon the relative size of the cells and their functional state. Oleh’ reported 
that the cells of the resting mammary gland contain large amounts of caleium. 
Policard and Pillet'! stated that proliferating tissue has a low ash content 
and Policard and Doubrow™ noted that the ash content decreases with the 
increase in the embryonicity of the tumor. Schultz-Brauns mentioned during 
a brief discussion of the ash content of various tissues that benign as well as 
malignant neoplasms show in general a light to moderate amount of ash. He 
added, however, that marked variations may oceur among the ash content of 
individual tumors. 
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Considerable differences in the density of the mineral ash exist also be- 
ween different parts of the same tumor. These have been referred to varia- 
ions in the vital status of the cells. The ash and especially its caleium com- 








eR 








Fig. 1.—Incinerated healthy sarcomatous tissue showing rather faintly visible rings of 
bluish reflecting granules scantily mixed with white particles. 

Fig. 2.—Ashed section of degenerating sarcomatous tissue with prominent white rings. 

Fig. 3.—Degenerating sarcomatous tissue with white rings and central “calcifications.” 

Fig. 4.—Very edematous degenerating sarcomatous tissue with marked central ‘‘calcifica- 
tions” and distinct white outer rings, demarcating the cellular outline. 

Fig. 5.—Advanced degeneration of sarcomatous tissue with partial loss of cellular struc- 
ture in the ashed section. 

Fig. 6.—Necrotic focus in sarcomatous tissue characterized by dense accumulation of 
calcium particles. 
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ponent increases in direct proportion to the degenerative state of the cel 
and is apparently most abundant in areas of complete necrosis. 

Shear*® stated in his recent review on the réle of different minera 
(sodium, potassium, magnesium and calcium) in cancer, that it is the eurre:t 
view that the calcium content of tumors increases with increasing age ai 
with increasing extent of necrosis. Policard and Doubrow™ noted that d 
generating and necrotic tumor tissue contains more ash than living tissu 
Seott and Horning* remarked that their investigations furnished suppleme: 
tary evidence for this observation. The experimental data obtained in th 
study confirm this conception and supply at the same time additional info:- 
mation in regard to the intracellular mineral changes and shifts which a: 
associated with the process of degeneration. 

An increase in the amount of calcium particles in the nuclear miner: 
ring represents apparently the first sign of a decreasing vitality and begii- 
ning degeneration of the cell. Following this nuclear calcinosis calcium pai 
ticles are accumulated in increasing amounts in the central portions of the 
ring, until ultimately a union between the ash of the ring and of the central 
nuclear mineral deposits occurs. Accompanying this nuclear change there is 
also an increase in the number of calcium particles in the cytoplasmic region 
combined with a deposition of larger calcium granules in the peripheral parts 
of the cell (membrane?), where thereby a second outer ring is formed. With 
the ultimate complete disintegration of the cellular structure with progress- 


ing necrosis a definite mineral skeleton of the cells disappears and diffuse 
accumulations of mineral matter mainly representing calcium take their place. 
Older necroses are characterized by denser, almost solid masses of coarse c¢al- 


cium particles. 

It was noted that necroses which showed in the ineinerated sections 
marked deposition of calcium were not stained blue with the hematoxylin 
stain, but were pink, indicating thereby that the calcium present in these 
necroses is either too small in amount to be visible in the stained section or 
that it is present in a form which cannot combine with the hematoxylin. If 
the last conception should be correct the stainability of intracellular calcium 
would depend upon the physicochemical state in which this substance is held. 
A certain similarity would exist in this respect to the stainability of intra- 
cellular fat. As cellular degeneration is often accompanied by an accumula- 
tion of fat, correlations may exist between the increase of mineral ash, espe 
cially calcium, and that of fat in the degenerating cell (Schultz-Brauns). It 
is, however, doubtful, if an accumulation of calcium in the cell designates 
always a degenerative process or if it may also characterize a cell with low 
vital activities. 


PART Il, THE EFFECT OF PARATHORMONE AND VIOSTEROL MEDICATION UPON THI 
MINERAL CONTENT OF NORMAL AND MALIGNANT TISSUES IN RATS 
Various authors have attempted to influence cancer growth by the intro 
duction of substances which affect the calcium metabolism, such as ealecium salts 
Irradiated ergosterol and parathyroid hormone, into the cancerous organisn: 





HUEPER: HISTOCHEMICAL STUDIES OF ORGANS OF TUMOR-BEARING RATS 1299 


Goldfeder,* Paik,” Barelli,*° Sugiura and Benedict,’ Goerner,’® Goerner 
«nd Shafiroff,*? Sumi,’® Bischoff and Maxwell,?* Reding and Slosse®?). Shear’ 
‘ame, in his recent review on this subject, to the conclusion that parathormone 
‘reatment is ineffective as an agent which may inhibit or stimulate malignant 

rowth and that vitamin D is without any reliable antigrowth action. This 

meeption is confirmed by observations made by me some time ago on a larger 
-eries of cancer patients who received calcium salts, viosterol and parathor- 
lone over a prolonged period and in relatively large doses. 

In view of the controversial observations made on the blastie action of 
-itamin D and parathormone, a histochemical study of ashed sections pre- 

ared from cancer tissue of animals, treated with these two agents, seemed 

» be of interest, as it could be assumed that any action of these substances on 
‘ie tumor would very likely be associated with definite changes in the mineral 

mstitution of the cells. 

Six rats, three inoculated with the transplantable sarcoma, Philadelphia 
No. 1, and three inoculated with the transplantable carcinoma, Walker No. 
“56, were used in the parathormone experiment. After the tumors had 
reached the approximate size of a walnut and after a small piece of the tumors 
lad been removed for comparative study, the rats received subcutaneous in- 
jeetions of parathormone. One animai was killed twenty-four hours after 
the injection of 50 units of parathormone; three rats were killed sixteen 
hours after the injection of 100 units of parathormone. Rat 5 was sacrificed 
sixteen hours after injection of 150 units and Rat 6 received a total of 250 
units in the course of three days and died on the fifth day after the beginning 
of the medication. 

As the rat is rather resistant to parathormone (Collip,2*> Tweedy and 
Chandler,2* MeJunkin, Tweedy and Breuhaus*’), relatively large doses of para- 
thormone are required for the production of toxic degenerative organic lesions, 
such as those rather readily obtained in dogs (Hueper). 

In the viosterol experiment six rats with sarcoma, Philadelphia No. 1, were 
fed with 0.75 ¢.c. of viosterol 10,000 X daily by mouth with a dropper. After 
five days of this medication the rats became listless and showed a coarse fur. 
The treatment was discontinued and one animal was killed four days later. 
After an interval of a week the medication was resumed for a period of four 
days. One animal died two days after the resumption of the feeding and one 
was killed at that time. The remaining three animals were killed ten days 
later, while they were still showing symptoms of viosterol intoxication. 

Any inhibitory effect of the viosterol medication upon the growth rate 
of the tumors was not observed. This may be noteworthy, in spite of the 
small number of animals used, on account of the rapid growth of these neo- 
plasms. 

The autoptic examination of the rats did not show any macroscopic path- 
ology in the tumors and organs which might have been referred to the medica- 
tion given, with exception of Rats 5 and 6, where irregular whitish, soft 
areas and streaks were found on the cut surface of the kidney and heart, indi- 
cating the presence of necroses. 
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The histologic findings in the organs of the rats in both groups were esse».- 


tially identical. The following organs were examined: tumor, salivary glan:} 


heart, lung, liver, pancreas, spleen, kidney, lymph node, suprarenal glan ! 
and skeleton muscle. 
The stained and incinerated sections prepared from the tumors of t!e 














Fig. 7.—Vascular and myocardial calcification in the heart after parathormone poisoning. 

Fig. 8.—Accumulation of calcium particles in the myocardium without evidence of de- 
generative changes in the stained section. 

Fig. 9.—Accumulation of calcium in the muscularis of the esophagus of Rat 6, which died 
from parathormone poisoning. 

Fig. 10.—Calcifications in the kidney of Rat 6. 


treated animals did not reveal any appreciable and fundamental difference 
from those made before the medication was started. There were no changes 
in the stainability of the cytoplasm and of the nucleus of the tumor eells. The 
ashed sections were essentially identical with those previously described. 
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‘here was neither an increase nor a decrease of mineral matter, especially of 
caleium, in the tumor cells and the intercellular spaces. 

In contrast to these negative results in the tumors definite histologie and 
| istochemical pathology was found in some of the organs of the treated rats, 
«specially in Rats 5 and 6, indicating that the medication given had been 
i itense enough to cause pathologic lesions in some parts of the organism. 

Heart.—There is a moderate to marked interstitial and especially perivascular leucocytic 
filtration of the myocardium. A bluish stained hyaline material is found here and there in 
e perivascular spaces in between the leucocytic exudate. The walls of the myocardial ves- 
ls of Rats 5 and 6 are markedly thickened and deeply blue stained. Reddish and blue 
ined necroses surround and extend from these vessels into the myocardium. The inein- 
ated sections show a moderate, spotty increase of white reflecting particles. The leucocytic 
filtrations appear as small accumulations of strongly reflecting white dots. The vascular 
uls in the heart of Rats 5 and 6 appear as thick, solid white rings, from which less massive 
cumulations of white matter extends into the surrounding ash which is also rich in white 

tlecting granules. 

Esophagus.—The muscularis of the esophagus of Rat 6 is dark grayish blue in color 
d contains dense accumulations of calcium particles in the ashed section. 

Liver.—In some of the livers examined the cytoplasm of the Kupffer cells and of scat- 
red individual liver cells is blue stained. The distribution of accumulations of white 
anules corresponds approximately with that of these bluish stained cells. There is a gen- 
al increase of white ash. It is noted that the liver cell areas surrounding the central veins 

lo not participate in this increase, but are composed of bluish and reddish reflecting ash. 

Kidney.—The tubular epithelium of the cortex shows a distinctly bluish stained sub- 
stanee located in the pink stained cytoplasm. This bluish material surrounds sometimes the 
nucleus and exudes and fills the lumina of the tubules. Small, isolated foci of necroses are 
occasionally seen. In the kidneys of Rats 5 and 6 extensive necroses of the tubular epithelium 
are present. There are also localized calcifications of the necroses and calcium casts in the 
tubules in great number. The walls of many of the smaller vessels are thickened and in- 
tensely blue stained, indicating a high degree of calcification. 

The ashed sections show a marked inerease of white reflecting material, which often 
forms dense clumps or rings corresponding in their distribution with that of the tubular 


necroses and vascular calcifications, respectively, seen in the stained sections. 


The microscopic examination of the stained and ashed sections of the 
other organs mentioned above did not reveal any differences from the condi- 
tions seen in the seetions of a series of three normal rats of the same strain and 
approximate age as the experimental animals. 


COMMENT 


The observations made seem to indicate that the cells of the two rat 
tumors used do not belong to that group of tissues in which disturbances of 
the mineral metabolism caused by overdosage of parathormone and viosterol, 
respectively, result in local degenerations and necroses. The absence of any 
appreciable changes in the amount, character, and distribution of the mineral 
matter of the cancer cells following the medication of parathormone and 
viosterol suggests that the malignant tissue is apparently unable to withdraw 
calcium from the hyperealeemie blood, because the calcium is present in the 
blood in a form which eannot be taken up by the malignant cells. This ex- 
planation is supported by the observations of Kluge*’ who found, that there is 


a marked difference in the absorption of calcium compounds by tumor tissue 
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depending on their organic or inorganic character. While the subeutaneou; 
injection of inorganic calcium compounds resulted in a marked temporary 
increase of the calcium content of the tumor tissue, its calcium content wa; 
barely increased when organic compounds were used. 

The presence of a bluish stained substance in the perivascular spaces « 
the myocardial vessels and in the cytoplasm of the renal epithelium and liver 
cells together with the corresponding increase of calcium particles in these cel 
according to the observations made in the ashed sections suggests, that intra- 
cellular disturbances of the mineral metabolism precede and cause the degener: - 
tion and necroses of the myocardium and kidney oceurring in parathormon 
and viosterol poisoning. This conception receives additional support by prev'- 
ous investigations of Hueper,’ MeJunkin, Tweedy and Breuhaus” and Ham. 
It is obvious that the lethal cellular calcinosis may not always be followed ani 
intensified by an additional necrotic calcification. The presence of a hyper- 
calcemia will, however, favor this process. The contrast existing between the 
marked increase of calcium in degenerative and necrotic foci, according to 
the ashed sections, and the absence of a positive staining reaction for calciuin 


in these areas, according to the stained sections, seems to suggest the possi- 


bility that the demonstration of calcium in the tissue with the hematoxylin 
stain depends not only on the amount but also on the character of the calcium 
compound present. 


CONCLUSIONS 

1. Microincineration of two transplantable rat cancers showed that the 
healthy tumor cells consisted almost exclusively of bluish reflecting granules, 
representing presumably sodium and potassium. 

2. Iron and calcium did not seem to play any important role in the 
mineral constitution of these cells. 

3. Cellular degeneration in these two tumors was characterized by an in- 
crease of the calcium content of the cells, manifested mainly in the formation 
of white nuclear rings. 

4. The character and composition of the mineral skeleton of the tumor cells 
could not be changed by the medication of parathormone and viosterol. 

5. Degenerations and necroses in the kidney and heart of rats receiving 
excessive amounts of parathormone and viosterol were apparently caused by 
the toxic action of an intracellular calcium accumulation. 


I am indebted for technical assistance to Miss M. Russell, Cancer Research Laboratories, 
University of Pennsylvania. 
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THE SIGNIFIANCE OF STREPTOCOCCI THAT RESEMBLE 
DIPHTHEROIDS RECOVERED FROM BLOOD CULTURES 
IN SUBACUTE BACTERIAL ENDOCARDITIS* 

Joun A. Ferauson, M.D., THomas P. Murpock, M.D., ANb 
Henry Wencu, Pu.D., Harrrorp, Conn. 


N ASTONISHING change in size and shape of streptococci may be noticed 
under different conditions of cultivation.t. At times these changes result 
in forms that have a distinct resemblance to the diphtheroid group of bacilli 
In old cultures the changes that take place are probably best interpreted as 
‘‘involution forms.’’ The term ‘‘diphtheroid’’ is applied to an ill-defined group 
of bacilli, largely on account of their morphologic resemblance to the diph- 
theria bacillus. In this article the terms ‘‘diphtheroid’’ or ‘‘diphtheroid 
appearing’’ are used because of the morphologie resemblance of the organ 
isms studied to the diphtheria bacillus and do not specify any particular 
bacterium. 

Jensen and Morton? have, from a case of acute cystitis, isolated a strepto 
coceus that under certain conditions resembled a diphtheroid bacillus. They 
speak of the organism as having a diphtheroid and a streptococcus phase. 

Tow and Wechsler* have reported a case of acute endocarditis in a gir! 
eleven years old in which diphtheroids were recovered from the blood during 
life and at autopsy. One year prior to the onset of the acute illness the gir! 
had pain in the right knee and fever which lasted one week. Eight blood 
cultures during the course of the disease were negative, and the ninth was 
positive for a diphtheroid organism. Sections of the vegetations taken at 
autopsy showed cocci in pairs and groups. The vegetations were not cultured. 
In their conclusion Tow and Weehsler state that the existence of diphtheroid 
endocarditis is problematical and that it is likely that the streptococcus was 
the etiologic agent and the diphtheroid a secondary invader. 

According to Thomson and Thomson‘ ‘‘true diphtheroids’’ do not show 
streptococcal forms in broth cultures. If this statement is true then it is of 
unusual interest to find diphtheria-like forms and typical streptococci in 
smears from uncontaminated young broth cultures from the blood of a patient 
suspected of having subacute bacterial endocarditis; further to find similar 
forms in a (Gram-Weigert) stained section from the vegetations on the heart 
valve when the patient came to autopsy. 


REPORT OF CASES 


CASE 1.—History: lL. H., twenty-three years of age, admitted to The Meriden Hospital, 
Jan. 31, 1933, complaining of weakness and fever. Had rheumatic fever in 1921. About two 


weeks prior to admission, patient had grip, on fifth day pain developed in right shoulder, 


*From the Departments of Puthology and Medicine of The Meriden Hospital, Meriden, 
Conn., and the Bureau of Laboratories of the Connecticut State Department of Health. 


Received for publication, December 2, 1933. 
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and persisted for three or four days, then disappeared. Had one attack of nosebleeding be- 


fore admission. Had severe headache. Had palpitation and dyspnea occasionally. EHxamina- 
tion: Throat slightly injected. Tongue coated. X-rays showed one abscessed tooth. Heart 
enlarged to the left; the point of maximum impulse was in the sixth interspace anterior 
ixillary line. A presystolic thrill was felt. Diastolic murmur along the left border of the 
sternum most marked at the apex and referred to the left axilla. Lungs were clear. Spleen 
was felt at the costal margin. On February 14, embolic spots were found on finger tips. 
February 18, abscessed tooth was extracted. From this was cultured nonhemolytic, green 
pigment-producing streptococcus. 

In view of favorable reports by Brody and Crocker,> Gordon,* Stephenson? and Howell, 
Portis and Beverly,s an immunotransfusion was decided upon. A vaccine was prepared 
from the organism found in the patient’s blood stream. A_ suitable donor was given six 
injections of the vaccine subcutaneously, and one injection intravenously. Following the 


last injection he had a severe reaction with chills and fever. 























9 


Fig. 
Fig. 1.—Shows enormous masses of bacteria in the vegetation on the aortic valve. Gram- 
Weigert stain. 100. 


Fig. 2.—Section from the vegetation on the aortic valve stained by Gram-Weigert method. 
Shows an abundance of diphtheroid organisms and one Chain of streptococcus. 1000. 


Six days after the last injection was given to the donor, the patient was given 300 ec. of 
whole blood. Following transfusion he developed cyanosis, dyspnea, and cough. This critical 
condition persisted for several hours. He was slightly dyspneic for. two or three days. From 
then on his condition became gradually worse, and he died on March 20. The temperature 
was irregularly high, ranging from 90° to 104° from admission until four days before death, 
when it fluctuated between 96° and 98° 

Laboratory Observations: Wassermann negative. Blood nonprotein nitrogen 24 mg. Blood 
sugar 120 mg. Several blood counts were done. The erythrocyte count varied between 4.4 
millions on February 1 to 3.6 millions on March 6. The leucocytes ranged from 12,200 on 
February 1 to 16,600 on March 6. The differential remained fairly constant. Hemoglobin 
75 per cent; polymorphonuclear neutrophiles 74 per cent; small lymphocytes 17 per cent; 


large lymphocytes 12 per cent. The blood culture was positive. 
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AUTOPSY 


Gross Observations: Well-developed and nourished adult male. Petechiae observed 
on extremities and abdomen. Finger nails, lobes of ears and lips deep bluish in color. Each 
pleural cavity contained about 500 ce. of clear, straw-colored fluid and a few flakes of 
fibrin. 

Heart: Weighed 500 gm. The myocardium was soft and pale. The pulmonary and 
tricuspid valves appeared normal. The free margin of the mitral valve was slightly thick 
ened and whitish in color. There were three pale grey, friable vegetations measuring 0.3 em 
in height by 0.3 em. in diameter at the base of the right cusp of the mitral valve. Thi 
vegetations were located on the ventricular surface of the valve. The columnae ecarnae wer 
flattened and some chordae tendinexe showed slight fibrosis. The cusps of the aortic valve 
were obscured by a large, pale grey, friable vegetation. All the cusps were involved. The 
great mass of the vegetation was on the ventricular surface of the valve. The cusps wer 
not ulcerated, although they were considerably distorted in shape. The remaining organs 


showed the usual appearance as found in subacute bacterial endocarditis. 











Fig. 3.—Smear fvom broth culture which was plinted from a blood agar plate. Shows a marked 
predominance of long nin streptococcus. «1000. 


MICROSCOPIC EXAMINATION 


Section through the aortic valve showed a massive vegetation composed of polymorphonu 
clear leucocytes, fibrin, platelets, red blood cells, and dark blue staining masses of bacteria. 
A Gram-Weigert stained section from aortic valve showed great masses of cocci in chains 
and diphtheroid appearing organisms. The microscopic examination of the remaining organs 
showed nothing of special importance. 

Summary: The important findings in this autopsy were vegetative endocarditis in 
volving both aortic and mitral valves, multiple petechiae over the body, infected infarcts of 
the spleen, chronic passive congestion of the liver and acute congestion of the lungs, spleen, 


and kidneys. 


Case 2.—Iistory: F. G., unmarried female, nineteen years of age, was a dramat- 
art teacher. The significant features in the past history were searlet fever at seven and 
chorea at ten vears of age. Her last illness began in September, 1932, when she complained 


of pain in hips and ankles and went to bed for three weeks at home. On getting up she had 
pain in her back and had an enlarged liver and spleen. 

She was a patient in the New Haven Hospital, New Haven, Conn., in November, 1932 
A blood culture on Noy. 3, 1932, was positive for diphtheroids. The patient left the New 


Haven Hospital in December, 19382, against advice. The diagnosis on the record was 
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sibaeute bacterial endocarditis. She was admitted to the Meriden Hospital, Dee, 29, 1932, 

id discharged Jan. 14, 1933, on request of the family. During this period four blood cultures 
vere taken with negative results. Following discharge from the hospital, patient was ad- 
) itted several times for blood transfusions and usually remained in the hospital a day each 


tme. On April 25, 1933, a blood culture was positive for diphtheroids. The bacteriology of 


ese diphtheroid-like organisms was similar to the bacteriology of those deseribed in the case 


ported above. Patient died in May. An autopsy was refused. 
BACTERIOLOGIC STUDIES 


Three cultures were studied in this series. The first (laboratory number 
674) was isolated from a blood culture during life in patient in Case 1, the 
cond (laboratory number 7,038) was isolated from heart’s blood at autopsy ; 

tie third (laboratory number 14,722) was isolated from blood of patient in 
(ase 2 during life. After isolation several platines on blood agar were made 
sud in each instance single colonies chosen to rule out possibility of con- 
fimination. Culture (laboratcry number 14,722) was the same in all respects 
vs Culture 3,674, so for the sake of brevity a description of the experimental 
sudies on this culture are omitted. 

Morphology.—The morphology of all three cultures was studied when 
erown on Loeffler’s medium, blood agar plates (both aerobic and anaerobic ) 
aud in Douglas broth. 

On Loefiler’s medium culture 3.6574 was a mixture of gram-positive 
streptococci in association with diphtheroid, bacillary-like forms (narrow, 
club-ended, and granular). There was a tendency for the latter forms to 
decolorize with the Gram stain. Culture 7,038 was similar microscopically 
except that the streptococci and paired forms predominated in young cul- 
tures. Cultures five days old, however, showed many diphtheroid forms. 

The growth on blood agar plates of Culture 3,674 (aerobic and anaerobic ) 
was fine and veil-like in character. In forty-eight hours a small zone of 
hemolysis appeared. By repeated incubation at 37° C. followed by refrigera- 
tion, secondary hemolytie rings were developed. The hemolysis was typical 
of the alpha variety.” Both diphtheroid and streptococcus forms were demon- 
‘trated microscopically. 

The beta type of hemolysis was produced with Culture 7.088 when grown 
on blood agar plates either aerobically or anaerobically. Individual colonies 
were larger than with Culture 3.674 and showed wide, clear zones of hemolysis. 
After a series of eight daily transplants a few alpha type colonies developed 
Which retained their alpha characteristies on subculture. Both diphtheroid 
and streptococcus forms were demonstrated microscopically. 

Transplants to Deuglas broth caused practically complete change to 
the streptococcus phase of both Cultures 3,674 and 7,088 regardless of whether 
inoculum was obtained from Loefiler’s slants or blood agar plates. Continued 
daily transplants over a period of forty days were made and without execep- 
tion a pure culture of long-chained streptococci (16-18 cocci to a chain) was 


obtained. The streptococe: remained constant in their morphology fer three 
, *We are indebted to the Department of Internal Medicine of Yale University for per- 
mission to use data from records of the New Haven Hospital. 

The microphotographs were taken by Mr. Jean Kiefer of The Norwich Tuberculosis 
Sanatorium, 
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to four days. Usually between the fifth and seventh day diphtheroid forns 
could be demonstrated microscopically as the chains of streptococci appear 

to have changed to the diphtheroid phase. Transplants at this point to fres 

Douglas broth, however, again resulted in a pure culture of streptococ 

There was a general trend toward the diphtheroid phase in cultures as th: 

grew older. In no instance was the reverse of this phenomenon noted in at 

medium upon aging. 

Biochemical Reactions of 3,674 and 7,038.—Both cultures were inoculat: 
into 1 per cent sugar broths from Douglas broth, Loeffler’s slants, and blo 
agar slants. Sugar broths were sterilized by filtration. Both cultures, 3,6 
(alpha hemolytic) and 7,038 (beta hemolytic), gave similar reactions: De 
trose, lactose, sucrose, salicin and maltose were fermented with the produ. 
tion of acid. Mannite, rhamnose, arabinose and raffinose were not affect: 


although definite growth was obtained. In litmus milk, acid and coaeuli- 


tion was produced. On the basis of the morphologie and biochemical reac- 
tions Culture 3,674 would be classified as a strain of Streptococcus viridans, 
Yariety probably mitis. Culture 7,038 would be classified as a strain o| 


Streptococcus hemolyticus. 
SEROLOGIC STUDIES 


In order to augment our findings both cultures were sent on blood agar 
slants to the Rockefeller Institute* for further study. The following repo: 
was obtained: 

**Culture 7,038 seems to be a typical hemolytie streptococcus. A precipitin test with 
an extract of the organism shows that it contains the carbohydrate ‘C,’ characteristic of 
strains of human origin (Group A), 

‘*Culture 3,674 seems to be a typical Streptocoecus viridans and not merely a non 
hemolytic form of 7,088, since extracts of 3,674 do not show any traces of the ‘CG’ sub 


stance characteristic of hemolytic streptococci belonging to Group A.”’ 


After several weekly transplants on Loeffler’s slants and blood agar plates, 
Culture 5,674 developed colonies which showed typical beta hemolysis. When 
single colonies were chosen and plated on blood agar, however, both alpha and 
beta type colonies developed. Morphologically and biochemically both types of 
colonies (alpha and beta) agreed with the colonies obtained from Culture 
7,038 (alpha and beta). These four cultures were then sent to the Rockefeller 
Institute and tested for the group carbohydrate ‘‘C.’’? The two beta hemolytic 
strains both gave precipitin reactions with anti ‘‘C’’ serum for Group A and 
no reaction with anti ‘‘C’’ serum for any of the other groups. The two alpha 
hemolytic strains did not react with any of these sera. From these studies 
it is obvious that the colonies showing alpha hemolysis are antigenically dis 
tinct from those showing the beta type. 

COMMENT 

The interesting features of the case clinically were: the reaction follow- 
ing transfusion with a specifically immunized donor; and the blood eulture 
studies, 


*The authors are indebted to Dr. R. C. Lancefield for these studies, 
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Two possibilities present themselves as probable causes of the severe 
action following immunotransfusion. First, the occurrence of a pulmonary 


ubolus following the transfusion, always a possibility, must be considered. 
cond, the interaction between the antibody of the donor and antigen of 
e recipient. Of these two possibilities, the latter appears to us to be the 
re likely. The patient’s tissues were proliferated with antigen. Both the 


~ ~_ aa ~ 


reptococcus and diphtheroid phases were demonstrated in tissue section at 
itopsy. The donor received both phases in the vaccine used for production 
the therapeutic serum. With a preponderance of antigen in his tissues, 
e recipient was in a highly sensitive condition and the violent reaction 
llowing transfusion with whole blood containing antibody was probably 


ce to an antigen antibody complex in the tissues and blood stream of the 
itient. The elinical picture of cyanosis, dyspnea and cough directly fol- 


wing the immunotransfusion would appear to augment this theory. 


Jensen and Morton’s? experiments with the diphtheroid phase of a 
reptocoecus isolated from a case of acute eystitis led them to believe that 


tie diphtheroid phase was nonpathogenic. We are carrying on experiments 
a the present time that appear to show that in rabbits the diphtheroid phase 
is pathogenic in the sense that definite valve localization can be produced. 
\t this time, however, we wish to suggest the possibility that in certain in- 
stances, in subacute bacterial endocarditis, it is the attenuated diphtheroid 
pase of the streptococcus that first becomes implanted on the heart valve. 


(nce a small clot is formed on the valve the medium is perhaps suitable for 
the change of the organism into the streptococcus phase following which the 
disease progresses in the usual manner. 

In a study of 1,079 blood cultures Thompson'’ ' has shown the presence 
of diphtheroids in 3 per cent of those examined. His object was to test the 
livpothesis advanced by Koch and Mellon’? that diphtheroids are found in the 
Llood stream in persons convalescent from streptococcal infections. Thompson 
believes that diphtheroids in blood cultures appear to have the same sig- 
nificance as the saprophytie cocci. 

Thompsen?” '! states that ‘‘Any organism which appears as rods, and 
which in subeultures in broth develop chains of streptococci may better be 
classified as streptococci, especially if it is not possible subsequently to bring 
about the reverse change from the streptococcal to the rodlike form.’’ The 
organism numbered 3,674 in this investigation originally showed a majority 
of diphtheroid forms and subsequently developed into a streptococcus, but 
we have been able to change this organism back to the diphtheroid phase at 
will by the use of proper media. 

If we accept the hypothesis of Thomson and Thomson' the organism would 
have to be classified as a streptococcus with a diphtheroid phase. However, 
whether we regard this phenomenon as one of pleomorphism or not is not our 
basie interest. We are primarily interested in focusing attention on the sig- 
nificance of the finding of diphtheroid appearing organisms in blood cultures, 
particularly in cases of subacute bacterial endocarditis. 

Grinnell’ reports that he was able to obtain from single cell strains of 


Streptococcus hemolyticus, strains of Streptococcus viridans with constant char- 
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acteristics. Ile notes ‘‘the alpha variants remain true to type, the loss of 
hemolytic power is accompanied by a slight loss of virulence, the alpha co- 
rivatives usually but not always give the same fermentative reactions.’’ — !y 
this investigation we were able to confirm these results. The alpha varian‘s 
from the beta hemolytic types were antigenically distinct although eiviie 
identical fermentative reactions. 

Our experiments on animals te date have shown definitely that the 
ganism has very low virulence. Large quantities, regardless of the phase 
when injected into rabbits produce no toxie effect. However, by repeated 
injections of any of the three phases over a period of from twenty-three +o 
thirty-five days definite localization has been demonstrated. This section of 
the investigation has not yet been completed. 

SUMMARY 


1. Two cases of subacute bacterial endocarditis are deseribed ino which 


diphtheroid appearing organisms were recovered repeatedly from blood ei !- 


tures during life, 
In Case one, Gram-Weigert stained sections from the vegetation on the 
aortic valve at autopsy showed both diphthercid appearing forms and chains 


of streptococci in each section. Bacteriologic investigation in’ both cases 


showed that the streptecoccus under study existed in two phases, a typical 


streptococcus phase and a diphtheroid phase. 
2. As a result of the bacteriologie studies of the two cases reported in 


this paper evidence is submitted which shows that the ceeurrence of diph- 


theroid appearing crganisms in blood cultures from suspected cases of suba- 


cute bacterial endocarditis must be regarded as important. The organism, 


isolated from blood cultures in the diphtheroid phase, changed under suitable 


conditions inte a green producing streptococetis which is unquestionably of 


etiologic stenificance. 
REFERENCES 
1. Hiss and Zinsser: Text Book of Bacteriology, ed. 6, New York, 1927, D. Appleton « 
Company, Jee dedede 
”. Jensen, L. B., and Morton, H. 
5. 3951. 
Tow, Abraham, and Wechsler, H. F.:  Diphtheroid Bacillus as the Cause of Acute 
Mndocarditis, Am. J. Dis. Child. 44: 156, 1932. 
t. Thomson, D., and Thomson, R.: The Cernybacteria (Diphtheria Bacillus and ‘‘Diph 
theroids’’), Annals of the Pickett, Thomson Research Laboratory 2: 51, 1926. 
srodv, William, and Crocker, W. J.:) Speeific Immunotransfusion in the Treatment of 
Septicemia, J. A. M. A. 98: 2191, 1932. 
Gordon, J. k.:  Immunotransfusions in Searlet Fever, J. A. M. A. 100: 102, 1932. 
Stephenson, Ruth: Nonspecific Immunotransfusions in Hemolytic Streptococcus Se 
ticemia, Am. Med. J. 100: 100, 1933. 
Howell, Portis, and Beverly: Antibody Response After ITnmunotransfusien in 
ignant Endocarditis, J. Inf. Dis. 5: 1, 1926. 
Topley, W. W. C., and Wilson, C. S.:) The Principles of Bacteriology and Immunity, New 
York, 1929, Wm. Wood Co. 1: 563. 
Luther: The Recurrence of Diphthcroids in Routine Blood Cultures, J. Ba 


B : Diphtheroid Phase ot Streptococei, . o Inf. Dis. 49: 


Mai 


Thompson, 
Sa: 45. 1931. 
Thompson, Luther: 

1932. 
Koch, R., and Mellon, R. R.: The Biological and Clinical Significance of Diphtheroids 
in the Blood Stream, J. Bact. 19: 25, 1930. 
Grinnell, PF. Bi: Streptococcus Studies, J. Braet. 16: 117, 1928. 


Occurrence of Diphtheroids in Blood Cultures, J. Inf. Dis. 50: 69, 





THE USE OF GALACTOSE IN THE DIFFERENTIAL DIAGNOSIS 
OF JAUNDICE* 


A PRELIMINARY REPORT 
KENNETH A, Owen, M.D... CLEVELAND, O11I0 


}N A SURVEY of the literature concerned with the physiology of the liver 
2 and the tests devised to estimate its functional capacity,’ * * © it is note- 
orthy that until recently very little of clinical value has been accomplished 
ther in the diagnosis or in the prognosis of liver disease. 
There are several reasons for this. First, the liver is a huge organ, the 
te of multiple activities, and has been aptly called ‘‘the great storage battery 
( the human body.’’ It is obvious, therefore, that no one test is likely to 
\ield an accurate index of its total functioning capacity. Furthermore, ex- 
perimental work has shown that there is a tremendous hepatic reserve, a re- 
rve greater probably than in any other organ of the body. To quote from 
the report of Bollman and Mann on lesions of the liver produced experi- 
mentally in dogs:? “‘It would appear that any test, capable of measuring the 
imetabolie changes which depend entirely en the liver, would give an accurate 
index of the efficiency of this organ. There are several reasons why such tests 
show but little, and studies of animals from which the liver has been partially 
removed reveal some of the reasons for the failure of those tests. In the dog 
and in many other animals, the liver consists of several distinet lobes, one or 
more of which may be successfully removed. Immediately followine such 
operations, the remaining portions of the liver begin to hypertrophy, and by 
serial operations, removing a lobe of liver every few weeks, it is possible to 
remove more hepatic tissue than was originally present and still have a normal 
amount of hepatic. tissue remaining in the dog. During this process no signs 
of hepatic insufficiency are observed except a transient upset of a few days’ 
duration, which is probably due to injury of its remaining hepatie tissue rather 
than to actual deficiency because of removed tissue. . . . It is obvious that less 
than 20 per cent of liver can accomplish the work of the entire organ.’’ 
Second, the main effort and emphasis in the study of this preblem from 
the laboratory standpoint have been expended on attempting to estimate the 
excretory capacity or permeability of the liver by the use of various dyes—in 
a way analogous to the dve tests of renal function. As a result of this, the 
bromsulphalein and rose bengal tests have come into general clinical use. Their 
Value is indeed very limited, for while the rate cf their elimination from the 


blood stream and exeretion by the liver may give some information as to the 


permeability of the liver and the pateney of its biliary system, it helps not at 


*From the Cleveland Clinic. 
Received for publication, January &, 19314. 
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all in estimating the ability of the liver to perform its more vital functions, 


Foremost among these may be mentioned the conversion of sugar to glycog: 


its storage and release again into the blood stream as glucose; the synthesis 
of urea; the formation of bile pigment and the detoxification of poisons.6  T 
dye excretion tests do not indicate the capacity of the liver to perform these 
functions; and furthermore, when either intrahepatie or obstructive jaund) 
is present, the estimation of dye in the plasma is bound to be inaccurate, vie 


ing a value which is almost always too high. 

Tests of pigmentary function of the liver, of which the van den Berg! 
test is outstanding, have been of no help in determining the nature or exte 
of liver damage and have failed particularly in the differentiation of obstruct 
and intrahepatic jaundice. In recent years, the rate of removal of bilirubin 
jected intravenously has been used as a test of liver function as reported 
Bergmann in 1927 and by Harrop and Barron in 1931. 

Estimation of the cholesterol content of the blood plasms in eases 
hepatie and biliary disease has been reported recently in an excellent artic 
by Epstein.* This promises to be a valuable means of estimating liver damax: 

Since the discovery of the glycogenic function of the liver by Bernar 
about the middle of the last century, many reports have been published in thie 
literature on the utilization of various sugars for testing hepatic function. 
These investigations have been productive of widely divergent results and 
interpretations, due to the fact that the tests were not standardized, that they 
were used in all varieties of liver disease, and that no allowanee was made for 
the properties of great reserve and rapid regeneration which we now know to 
exist. In short, extensive acute or subacute damage to the liver must be present 
before changes are reflected by a derangement of carbohydrate metabolism. 

In this report, I shall confine the discussion to that puzzling group of 
cases of relatively painless acute jaundice in which neither the history, physical 
signs, nor laboratory reports make the diagnosis clear. These cases may be due 
to common duct obstruction of one sort or another or may be caused by acute 
or subacute diffuse liver damage, such as occurs in eatarrhal icterus or toxic 
hepatitis. 

Recently a modification of the glucose tolerance test has been used with 
some suecess to estimate the live funetion by workers at the University of 
California.® 

Keeping in mind the functional complexity of the liver, its great reserve 
and power to regenerate rapidly, and the present inadequacy of the tests in 
general use to determine its ‘‘vital eapacity,’’ the problem of jaundice and its 
aifferential diagnosis by means of galactose tolerance may be considered. 

This differentiation has often confused the keenest clinicians, vet it is of 
the utmost practical importance to the patient, since the therapeutie measures 
are diametrically opposed. Extrahepatic obstructive jaundice is a surgical 
problem. In jaundice due primarily to inflammation or degeneration of the 
liver parenchyma, surgery is positively contraindicated. The galactose tole) 
ance test of liver function furnishes a simple and positive means of making this 


differentiation. 
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USE OF GALACTOSE 
\ 


About thirty years ago the use of levulose as a test for liver function was 
ittempted by Strauss, and'five years later Richard Bauer of Vienna began to 
ise galactose for the same purpose.” Since that time levulose, dextrose, and 
‘ructose all have been proposed and tried as tests of the carbohydrate metabo- 
ism of the liver with little success. Galactose, which appears to be the most 
aluable of the monosaccharides for this purpose, has received but little at- 
ention in this country. ; 

In 1931 several papers were published by Shay, Schloss, Bell, and Rodis 
‘f Philadelphia outlining the theoretical considerations for the use of galae- 
ose as a test of liver function™ and also their results in cases of jaundice.’” 
‘he work here reported was done in order to confirm or deny their findings. 

From a theoretical standpoint, in considering the use of any carbohydrate 
is a test for liver function, galactose seems best suited for this purpose. First, 
he sugar must be pure and stable. When given orally it must be absorbed 
from the gastrointestinal tract easily and with little decomposition by bae- 
teria. It must be capable of transformation by the liver into glycogen, prefer- 
ably with difficulty ; the normal tolerance for the sugar must be known; and 
finally, there must be a stable renal threshold. 

Galactose may be obtained in a pure form, though it is rather expensive. 
[t is rapidly absorbed from the gastrointestinal tract, and, according to pres- 
ent knowledge, it is utilized only by the liver and that with difficulty. It is 
well known that the other sugars have no such specificity. Furthermore, ex- 
perimental work has shown that after reaching the general circulation it is 
all exereted by the kidneys, regardless of the condition of the other glands. 
There is no renal threshold for galactose." 

Since the liver has such adequate reserve and such power for rapid regen- 
eration, it is clear that in local or slowly progressive liver disease there is no 
change in the carbohydrate metabolism. But it is equally obvious that marked 
derangement of carbohydrate metabolism might be expected when there is ex- 
tensive acute or subacute damage to the liver cells or when chronic damage has 
gone on to such a stage that regeneration fails. The variable results which have 
attended many types of tests for the function of sugar metabolism may be 
explained partly on this basis. In other words, the test has definite limita- 
tions, and it is these very limitations which make it valuable in the differential 
diagnosis of jaundice. The galactose tolerance test of liver function serves to 


identify and differentiate those cases of diffuse liver damage which occur in 


toxic or infectious jaundice from those cases of jaundice due to obstruction 
of the bile ducts. 
TECHNIC OF THE GALACTOSE TOLERANCE TEST 

The work of Shay and Schloss has shown that the normal liver, regardless 
of age, sex or condition of the other glands, can metabolize about 40 grams of 
galactose. That portion not stored by the liver appears ii the urine as a re- 
ducing substance, identified chemically and polariscopically as galactose. In 
their series of normal persons, this output varied from 0 to 3 grams. 
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The test is carried out as follows: 

1. A fasting specimen of urine is obtained. 

2. The patient is given 40 grams of pure galactose, dissolved in one pint 
of water. 

3. Breakfast is omitted. 

4. All urine voided in the next five hours is collected, preferably in hour! 
specimens. 

). The specimens are tested qualitatively for galactose and all those pos- 
tive are lumped in one volume and tested quantitatively by the Benedi: 
method. (In diabetic patients it is possible to eliminate glucose by the proces 
of fermentation with veast, as galactose is relatively stable.) 

In Table I are listed the series of normal values prepared by Shay an 


Schloss and my own series of normal values, obtained by the same techni: 


In respective columns are given the ages of these persons in years, their weiel 


TABLE I 


COMPARATIVE STUDY OF EXCRETION OF GALACTOSE IN MALES AND FEMALES 
Shay et al. 


FEMALES MALES 


WEIGH ee — ; WEIGH’ GALACTOSE IN 
(POUNDS ) — Peeiiracinet’ URINE 

(GM. ) (GM. ) 

0.90) ) 36 0.50 

0.00 a 110 

O25 ; 110 

0.60 a 115 

O13 a 1P0 

1.00 126 

0.30 i 129 

0.70 Py 

O98 133 
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0.65 160 
1S Pay 162 
JO0 P 16” 
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Average 4 Average 
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in pounds, and the amount of galactose found in the urine during the five 
hours following ingestion. 

It is seen in these two series containing sixty normal cases that the aver- 
age urinary output of galactose is less than 1 em. The highest output in the 
first series was 2.2 em. and in my veries, 2 em.; while the great majority 
of normal persons excreted less than 1 em. 

From these observations it seems safe to state that an output of 3.0 em. or 
more is abnormal. In my series it has been found invariably that in normal 
persons galactose, if excreted at all, appears in the first and second specimens 
and rarely is found in the later specimens. 

At the Cleveland Clinic, galactose has been used as a test of liver function 
for over a year. The results of this investigation may be summarized as fol- 
lows: From the standpoint of the amount of galactosuria, the patients tested 
fall into two general but rather definite groups. In those excreting abnormal 
amounts of galactose, the clinical impression pointed toward diffuse liver dam- 
age; in those with a normal output, clinical investigation or subsequent explora- 
tion revealed the jaundice to be due to biliary obstruction. A summary and 
comparison of clinical and operative findings with the results of the galactose 
tolerance test are presented. (Table ILA and IIB.) 

In the first group of undoubted cases of biliary obstruction, the galactose 
test, prior to operation, showed in each of these a normal secretion, averaging 


0.87 em. 


ia 
rc 
In the second group, however, in which the diagnosis of diffuse liver 


damage is reasonably certain, marked galactosuria raneine from 1.90 to 9.1 
em, (average over 5 gm.) was present. These results correspond very well 
with the observations of Shay, Schloss and Rodis."* 

A review of the histories of several of these patients gives some impres- 
sion of the value of the test in differential diagnosis. 


Case 1.—A man, aged fifty-four years, was admitted to the hospital, complaining of 
hunger pains, itching, and jaundice of one week's duration. The past history was irrelevant 
except that he had noticed a gradually increasing epigastric pain before meals during the 
preceding year. Physical examination revealed moderate, generalized icterus, fair nutrition, 
and an enlargement of the liver, which was described as being 6 em. below the costal margin, 
rough, irregular, and not tender. The cholecystogram showed a nonfunctioning gallbladder, 
The bromsulphalein test showed SO per cent retention of dye in one-half hour, The clinical 
diagnosis was ‘fcommon duct obstruction, probably stone.’’ The galactose test showed an 
output of 1.8 gm., corroborating the impression of obstruction. Operation revealed an in 
operable cancer at the head of the pancreas. 


CASE 2.—The patient, a man, aged forty-two vears, was admitted to the clinie, complain 
ing of indigestion, belching, progressively increasing jaundice, and the loss of 10 pounds in 
weight in the course of three weeks. The patient had had several phallic sores and a positive 
blood Wassermann two months before, for which he had had no treatment. The patient 
was well nourished, moderately jaundiced, with a slow pulse rate and slight tenderness 
over the right upper quadrant. The liver was palpable 3 em. below the costal margin. The 
Wassermann test was weakly positive, the bromsulphalein test showed a retention of 30 > per 
cent in half an hour and the galactose test an output of 3.5 gm.—confirming the clinical 
impression of catarrhal jaundice or syphilitie hepatitis, 

CasE 3.—A housewife, aged twenty-six vears, came to the clinic complaining of jaundice, 


weakness, and itching. Four years before, the gallbladder lad been removed. Two years 
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later the patient had jaundice and was operated on again. At that time a small stone 
was removed from the common duct with subsequent drainage of bile for ten weeks after the 
operation. Eight months previous to her visit to the clinic, jaundice again had appeared in 
intermittent attacks with recurrent pain in the left upper quadrant, which pain had persisted. 
Examination revealed emaciation, generalized icterus, and a large tender liver, with question- 
able splenic enlargement. The patient had a slight fever, and a slow pulse rate. 

The bromsulphalein test showed 60 per cent retention in one-half hour. The icterus 
index was 75. The clinical impression was that the jaundice was due either to common duct 
stone or to adhesions. The galactose test showed a normal excretion of 0.63 gm. At opera- 


tion the common duct was found occluded by adhesions. The liver was normal. 


Case 4.—A woman, aged thirty-two years, was admitted to the hospital complaining 
of jaundice and weakness and with the story of having had nausea and vomiting, recurrent 
dull pain in the right upper quadrant, and progressive jaundice of three weeks’ duration. 
Physical examination revealed a poorly nourished young woman with moderate icterus and 
tenderness over the right lobe of the liver. The cholecystogram showed a functioning gall- 
bladder. The van den Bergh test was direct; the serum bilirubin was 5.8 gm. The clinical 
impression was ‘‘stone in the common duct.’’ The galactose test showed an ouput of 4.1 gm. 
—indicating an intrahepaiie process, rather than obstruction of the duct. Operation for 
stone did not disclose any obstruction. The appendix was removed, and the patient. re- 
covered uneventfully. 

This is an excellent example of the value of the galactose test before operative pro 


cedures are considered too hastily. 





Case 5.—A dentist, fifty-six years of age, was admitted to the hospital complaining 
of weakness and slight indigestion for three months. Three weeks before admission he had 
begun to experience vague epigastric distress and pain in the right upper quadrant, some 
nausea and clay-colored stools and, ten days before admission, the development of a steadily 
deepening jaundice. The physical examination revealed generalized icterus, fair nutrition, 
normal temperature, and a large, tender liver. The gallbladder was nonfunctioning, accord 
ing to the roentgenogram. The bromsulphalein test showed a retention of 100 per cent, the 
serum bilirubin was 20 mg., and the galactose output on two oecasions was 7.0 and 6.5 gm., 
respectively. There was much debate as to the nature of jaundice in this case. Operation 
was seriously considered, but since the jaundice seemed to be subsiding, this was abandoned. 
The galactose test revealed that the cause of jaundice was intrahepatic, probably of catarrhal 
nature, and not obstructive. 
In reviewing these five representative cases, it is evident that the ability 
or failure of the liver to metabolize the galactose has given valuable negative 
evidence as well as positive findings in cases in which operative interference 
has been considered. 

From the standpoint of prognosis, the test also is of value. Several of 
the patients with catarrhal jaundice or toxic hepatitis have had subsequent 
galactose tests and concomitant with clinical improvement, and in several in- 
stances even before improvement was obvious clinically, the excretion of 
galactose gradually fell to normal. These patients all recovered. (Table III.) 

It has been of interest to review in the literature the cases studied with 
this test. In his early work, Bauer thought that he had found a test for cir- 
rhosis of the liver. Two years later he reported the finding of an alimentary 
galactosuria in catarrhal jaundice and described ten such cases showing galac- 
tosuria which gradually decreased as the patients improved.’* He considered 
an output of more than 3 gm. as indicating a pathologic condition of the liver. 


In the comparative series of cases recently published by Shay, Schloss and 
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TABLE III 
PROGRESS STUDIES OF GALACTOSURIA 


: ; : GALACTOSE 
DURATION 
DIAGNOSIS : EXCKETION OUTCOME 
(DAYS ) 
(GRAMS ) 


Catarrhal jaundice 0) 


, 
3 
O.4 


Cinchophen hepatitis 6.0 
4.0) 
4.2 


Improved 


Arsenic hepatitis 


Well 


Catarrhal jaundice 7.0 
65 
2.0 Well 


Rodis, an output of galactose of more than 3 em. was considered indicative of 


liver damage, and these authors expressed the thought that the element of chance 
may work against the test in both of these types of cases. For in mild catar- 
rhal jaundice or hepatitis the carbohydrate metabolism may be only slightly 
altered and may tend to rapid recovery, while in the other group in which 
there is chronic damage to liver cells, destruction may progress to a state of 
diffuse involvement. It is also known that a so-cailed catarrhal jaundice or 
hepatitis may complicate the course of a chronic liver disease, such as cirrhosis. 

In the series here reported, | have seen and listed several such instances 
of advanced cirrhosis with ascites and the terminal development of jaundice. 
In all of these cases, there was an abnormal excretion of galactose. In the aver- 
age uncomplicated case of cirrhosis, however, assuming that only fibrosis 1s 
present, it is obvious that the carbohydrate metabolic function of the liver 
is normal and that only the permeability or excretory function is deranged. 


(Table LV.) 
TABLE IV 


GALACTOSE EXCRETION IN) FocAlL OR CILRONIC LIVER DISEASE 


— BROM- GALAC 

s3ASI) "OR D YOSF 

GNOSIS ASSOCIATED CONDITION ’ whe suLPH- | TOSE 
AGNOSIS EX 


ALEIN 
| CRETION 


Carcinoma stomach Metastases—liver Autopsy 30-20% 1.78 
Cirrhosis Dinhbetes—ascites Clinical 100-50% 3.82 
Cirrhosis Ascites Autopsy 100-80Q% 1.27 
Cirrhosis Hyperthyroidism Autopsy 0.00 
Cirrhosis Sis i ic a na a Autopsy trace 
Carcinoma ] Metastases—lung, perito-) Clinical 
neum 0.82 

Nephrosis Edema Clinical 0.50 
Banti' ? Cirrhosis Clinical and trace 

operation 
Cardine ? Cirrhosis Clinical 0.84 
Pernicious anemia Parkinsonism Clinical trace 
Toxie hepatitis Jaundice (2 months) Operation 80-806 | trace 

Pathologie 

section 
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To recapitulate—practically all of the cases which have been reported as 
howing an abnormal excretion of galactose fall into the group in which it is 
‘easonable to believe that a relatively acute diffuse liver damage has taken 
lace. Among these may be listed cases of catarrhal jaundice, arsphenamine 
iepatitis, phosphorous poisoning, acute yellow atrophy, syphilitic hepatitis, and 
he hepatitis of infection or intoxication, such as is occasionally seen in pneu- 
nonia or hyperthyroidism. 

In conclusion, it seems that the galactose tolerance test of liver function 
‘urnishes a simple but valuable procedure which clearly identifies and differ- 


ntiates the toxic or infectious type of jaundice from the jaundice due to 


xtrahepatie causes. 
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LABORATORY METHODS 


THE DETERMINATION OF SERUM PROTEIN BY MEASUREMENT 
OF THE VOLUME OF PRECIPITATE* 


FLORENCE W. Haynes, Pu.D., Boston, Mass. 


Ii protein content of urine and cerebrospinal fluid is commonly determine: 
by the measurement of the volume of protein precipitated by certain reagents. 
Shevky and Stafford* compared previous ¢linieal precipitation methods for 
protem and developed a more accurate one, using Tsuchiya’s reagent. This 
method has been used and modified by MeNaught! for cerebrospinal fluid and 
by MaeKay (Peters and Van Slyke?) for urine. Samson* has presented a micro 
precipitation method for serum protein as well as for serum albumin and globulin 
but does not give figures for the absolute amounts of protein in either ease or 
compare his values with those of other standard methods. In the hope of making 
available a simple elinieal method for blood protein, comparative determinations 
have been made both by the preeipitation and by maero-Kjeldahl methods. 
TECHNIC 
The proceedure adopted was that given for urine by MacKay with the excep 
tion that the volume of protein precipitated was compared with the volume of 
precipitate from a standard easein solution (McNaught). For this standard a 
solution containing 3.0 em. casein, 1.0 em. sodium biearbonate, 25.0 em. sodium 
chloride, and 20 ¢.¢. formalin was made up to a liter and filtered. The nitrogen 
was then determined by the Kjeldahl method. Such a standard keeps indefinitels 
at room temperature. The serum was diluted 1 to 50 and 1 to 75 with 2.5 
per cent sodium ehloride. Four-cubie-centimeter amounts of diluted serum were 
put in Shevky-Stafford tubes, two tubes being used for the standard, two for the 
1-to-50 dilution, and two for the 1-to-75 dilution. The volume of precipitate was 
thus brought into range with the volume from the standard. Tsuchiya’s reagent 
(1.5 em. phosphotungstic acid and 5 ¢.e. concentrated hydrochlorie acid mad 
up to 100 «ec. with 95 per cent aleohol) was added up to the 6.5 mark; the 
tubes were then inverted slowly three times and, after exactly ten minutes. 
centrifuged for ten minutes at 1,800 revolutions per minute. 
*From the Thorndike Memorial Laboratory, the Second and Fourth Medienl Services (Fat 


vard) of the Boston City Hospital. 
Received for publication, November 9, 1953. 
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Calculation was made as follows: 


Vol. ppt. unknown | Grams % protein Dilution of — Grams % protein 
Vol. ppt. standard in standard unknown “jn unknown serum 


EXPERIMENTAL RESULTS 

Results by the above method are shown in Table T. 

The procedure used was adopted as the result of numerous attempts to 
make the precipitation method accurate for serum. Jt was found unsatisfactory 
merely to multiply the volume of precipitate by the dilution and by the factor 
1.72, as is done to obtain the amount of protein in urine. Values for serum 
protein thus obtained vary with the dilution and with uncontrolled changes 
in the speed of the centrifuge. Therefore a standard protein solution was used. 
Various modifications, as the use of sodium tungstate precipitation, the use of 
lifferent standards (horse serum, human serum, albumin, and casein as shown 
in Table 11), a longer period of centrifugme and dilution of the serum and 


TABLE I 


PRECIPITATION OF SERUM PROTEIN BY TSUCHIYA’S REAGENT 


GM. & DILU- , PER 
SERUM | STAND. GM. % 
didi 4 PROT. IN | TION GM. &% Tacles. CENTAGE 
SERUM ANALYZED C#. Ce aie ee PROTEIN 
¥ are CASEIN Or PROTELN cs a OF 
PPT.’ ppT.* Pong (KJELDAHL) 
STANDARD SERUM ERKOR 
1. Normal human serum.) 0.128 0.126 0.0929 1:75 7.08 7.08 0) 
| 0.120 0.121 0.0929 1:75 6.91 | 7.08 2.4 
0.122 0.120 0.0929 1:75 7.08 7.08 0 
2, Normal human serum.; 0.160 0.162 0.1394 1:50 6.88 7.06 25 
0.133 0.129 0.0929 | 1:74.3| 7.11 7.06 0.7 
0.129 0.129 0.0929 1:75 6.96 7.06 1.4 
0.114 0.108 0.0929 1:75 4.30 7.06 1.1 
0.115 0.114 0.0929 1:75 7.02 7.06 0.6 
3. Normal human serum.| 0.179 0.205 0.1567 1:50 6.85 6.78 1.0 
0.186 0.200 0.1567 1:50 6.49 6.78 1.3 
0.128 0.148 0.0929 i735 | 6.03 6.78 11.1 
0.151 0.147 0.0929 1:75 6.21 6.78 S.4 
4. Aortic regurgitation. | 
Syphilis. 0.108 0.105 0.0929 1:75 7.18 7.92 1.35 
75 6.95 7.52 | 7.6 


0.117 0.119 0.0943 ks 
5. Malignant hyperten- 

sion. Cardiac asthma.| 0.102 0.109 0.0943 1:75 6.61 1.69 1.2 
6. Hypertension. 
Syphilitic heart  dis- 


ease. Nephrosclerosis.| 9.131 | 0.106 0.0943 1:50 5.82 6.44 9.6 

7. Hypertension. 
Arteriosc¢lerosis. 0.100 0.099 0.0848 1:73 6.42 6.41 0.2 
0.100 0.108 0.0848 1:75 5.89 6.41 — 8.] 
0.105 0.105 0.0848 1:74.6) 6.32 6.41 1.4 


S. Arterioselerotie heart 
disease with decom- 


pensation, 0.135 | 0.130 0.0943 1:50 4.89 5.31 — 5.6 
%. Arterioselerotie heart 

disease. Nephro- 0.115 0.125 0.0943 1:50 1.34 +.84 10.5 

sclerosis. 0.123 0,132 0.0943 1:50 $39 4.84 9.3 
10. Glomerular  nephritis.! 

Pulmonary congestion. | 0.095 0.110 0.0943 1:50 4.07 4.47 —~ 8.9 


*Kach figure is the average from duplicate tubes. 
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TABLE II 
Use or DIFFERENT STANDARDS IN THE PRECIPITATION OF SERUM PROTEIN 
BY TsUcHIYA’s REAGENT 
F GM. % — 
GM. %& 


, ’ : . | cistaniine CENTAGE 
SERUM ANALYZED STANDARD USED | PROTEIN 
| PROTEIN OF 


(KJEL. ) 
ERROR 

24 mm 
24 

.24 

24 

24 

92 

3.92 

61 

61 


Normal human serum Horse serum A 6.94 
Horse serum <A 7.46 
Human serum II 6.58 
Casein A 6.82 
Casein A 3.92 
Normal human serum TI] Human serum 24 
Iluman serum Ol 
Normal human serum If] Human serum 58 
Human serum .84 


From patient with multiple sclerosis and 
epilepsy Casein B 

Casein B 
Albumin A 

From patient with syphilitic meningitis Human serum 
Human serum 
Casein B 
Casein B 
Albumin 


3.69 1.87 
01 1.87 
39 ).87 
87 3.65 
.00 1.69 
1.87 1.69 
&] 1.65 
1.97 6.65 
Albumin © i 6.65 
From patient with chronie edema Casein B 68 3.85 

Casein B 3.78 3.85 


Albumin A 3.68 3.85 


Aas 1 Ss 


~a auan 


standard with different concentrations of salme have been tried in attempts to 
make the method more accurate. Results with different concentrations of salin« 
are shown in Table ITT. 

TABLE III 


CONCENTRATION OF SALINE AVERAGE PERCENTAGE ERROR 


OSS 46.5. 
1.0% +4.0 
44.1 
—4.0 


In a few cases the preeipitates were resuspended in 80 per cent aleohol and 
recentrifuged. Considerable variation in the volumes of precipitate in duplicate 
tubes was found in all of these modifications. For example, five volumes of 
precipitate from the same solution, centrifuged at the same time, varied in one 
case from 0.175 to 0.190 ¢.¢. of precipitate. In the later determinations it was 
thus considered necessary to compare duplicate tubes on all samples. 

From the tables it may be seen that the majority of the results have an 
error of less than 5 per cent although they may oeeasionally vary from the 
Kjeldahl determination by as much as 12 per cent, especially when the amount 
of protein is small. 

The average pereentage error (+6.5 to -4.0 per eent) compares favorabls 
with the error found by Shevky and Stafford* for urme (average error, 8.4 per 
cent; standard deviation, +9.7 per cent). The results obtained by MeNaught' 
on cerebrospinal fluid are, however, somewlk ~* more accurate (1.5 to 5.1 per cent 
error). It is recognized that an inherent error exists in methods based on thi 
precipitation of colloids, the physical state of which may vary in different ex 
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periments. Factors which affeet such preeipitation have been discussed by 
Samson.* Of these, the ones which have not. been controlled in the present 
determinations are the size and specifie gravity of the particles preeipitated, the 
specific gravity and viscosity of the fluid in which precipitation takes place, 
and to some extent the temperature of the system. 


SUMMARY 


A simple method for the determination of serum protein is presented and 


discussed. The volume of protein precipitated from diluted serum by a phos- 
photungstie acid reagent has been measured in Shevky-Stafford tubes and com- 
pared with the volume from a standard protein solution. 

With the proper standard at hand, the simplicity and speed of the precipita- 
tion method and the small amount of equipment needed, as compared with the 
Kjeldahl determination, make the precipitation method applicable for clinical 
use, 

REFERENCES 
MeNaught, J. B.: Quantitative Estimation of Total Protein in Cerebrospinal Fluid, J. 
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208: 262, 1929. 
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THE REFINING OF ANTISERU MS* 
A. J. KLEIN, CHARLES K, GREENWALD, AND K. Grorce FaukK, New York, N. Y. 


INTRODUCTION 


If method of refining and concentrating antiserums and antiplasma which 
is used in this laboratory will be described in this paper. This method is 
being used for antipneumococcus and antimeningococeus serums and in modi- 
fied form for other serums. The experimental procedure will first be outlined; 
then modifications and explanations of the procedure will be given; and finally 
a brief discussion and summary of the relations will be presented. 
EXPERIMENTAL PROCEDURE 

The method to be deseribed is that used primarily for refining pneumocoecus 
antiserums. 

a. Preparation of Scrum.+—Immediately after the separation of the serum, 
0.5 per cent phenol was added in the form of a solution containing five parts 
phenol and six parts ether.'| If this immediate addition was not possible, the 
phenol was added as soon as practicable. The serum was kept cold. Before 
beginning the further treatment, the serum was tested as to sterility. If bacteria 
were present, the serum was filtered through a Berkefeld filter, No. N. 

b. Dialysis of Scrum.—The serum, containing 0.5 per cent phenol, was well 
mixed, placed in cellophane (No. 600) bags, from 3 to 4 liters in each. To each 
bag 10 e.e. toluene and 5 ¢.c. chloroform were added. Eaeh bag was then tied 
tightly near the top, the top turned over and tied, or an additional piece of 
ecllophane placed over it, in order to eliminate the possibility of contaminants 
dropping into the bag. Dialysis against running tap water was allowed to 
proceed for from five to seven days. After forty-eight hours and again after 
ninety-six hours, 0.2 per cent phenol (in ether) was added to each bag. The 
temperature of the tap water ranged from 12° to 25° C. at different times of 
the vear. The duration of the dialysis was greater with the cooler water. The 
sterility of the dialysate was tested after dialysis. 

e. ‘* Acid Protein’? Precipitation—The dialysates were removed from the 
bags and mixed, the bags washed with several hundred cubie centimeters of dis- 
tilled water, which were added to the main bulk. Dry sodium ehloride to bring 
the solution to N/20 was added (2.92 ¢. per liter). The solution was placed 
in the ice box overnight. Early the next morning, it was brought to Py, 5.1 
with normal aeetie acid (y — dinitrophenol as indicator), allowed to stand in the 


*From the Bureau of Laboratories, Department of Health, New York, N. Y. 

Received for publication, November 3, 1932. 

+The serum was obtained from horses immunized with the centrifuged sediment of 
pneumococcus broth cultures taken up with saline and the vaccine killed with formalin. In 
general terms, the horses were inoculated three successive days, rested six days, and the series 
repeated with increasing dosages up to a certain maximum. Test bleedings were taken every 
two weeks. 
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cold for from four to five hours, and filtered through paper pulp and ‘‘super 
cel’’* on a Buchner funnel until clear. 

d. Preliminary Tests for Antibacterial Substance Precipitation.—The filtered 
solution was brought to P), 5.9 with N NaOH and kept in the ice box. Portions 
of 50 ¢.c. were brought to Py 5.9, 6.1, 6.38, and 6.8 (with N NaOH where neces- 
sary) (p-nitrophenol as indicator), diluted with from four to five volumes of 
Berkefeld filtered tap water, and allowed to stand in the ice box overnight. 
The next day the mixtures were centrifuged, the precipitates dissolved in one- 
fifth the volume (10 ¢.¢. each) of 1 per cent sodium chloride solution, and the 
supernatants were tested for antibacterial substanee contents by precipitin or 
agglutinin reactions (or both.)? In estimating the contents in this way, aeeount 
was, of course, taken of the concentration or dilution of the antibacterial sub- 
stance in comparison with the original serum. 

These tests were carried out under the direction of Miss Georgia Cooper, 
who outlined the procedure as follows: 

‘The titrations were made with quantities of antiserum from the following 
range, which were selected to show the character and the end point of the re- 
aetion; 0.1, 0.05, 0.02, 0.01, 0.005, 0.002, 0.001, 0.0005, 0.0002, 0.00001, 0.00005 
c.c. 

**For the agglutination tests the antiserums were so diluted with physiologie 
saline that the requisite amounts were contained in 0.5 ¢.e. Five-tenths eubie 
centimeter of each of the dilutions and 0.5 ¢.e. of a fresh eighteen- to twenty-hour 
broth culture of pneumococci were mixed in test tubes and ineubated for two 
hours at 55° C. Readings were made. The tubes were stored in the ice box 
overnight and readings again made. 

‘*For the precipitation tests 0.1, 0.05, and 0.02 ¢.c. of the undiluted anti 
serums and the smaller quantities diluted to be contained in 0.05 e.e. were ob- 
tained with 0.1 ¢.¢. of the precipitating antigens in test tubes. The tubes were 
rolled for two minutes. Five-tenths cubie centimeter saline solution was then 
added to each tube and readings were made. The precipitation antigen was 
prepared by growing pneumococci in phosphate beef-heart broth for about a 
week, at the end of whieh the organisms generally were found to be autolyzed. 
The precipitation antigens before use, when necessary, were centrifuged until 
clear. With certain exceptions, the end points of precipitation, and of agelu- 
tination to a lesser degree, indicated with a moderate degree of accuracy the rel- 
ative amounts of mouse protective antibacterial substances in the antiserums 
tested.’’ 

If the supernatants showed the presence of appreciable quantities of anti- 
bacterial substance (10 per cent or more of the original), in plaee of proeedures 


ao > 


“fe”? and “‘f”’ which follow, recourse must be had to procedures ‘el’? and ‘1.’ 

e. Precipitation of Antibacterial Substance —The solution was brought to 
the desired Py, as found im the preliminary tests, four volumes of Berkefeld 
filtered tap water containing 0.2 per cent phenol added, and placed in the 
ice box overnight. The precipitate in general settled well. The bulk of the 


supernatant was siphoned off, and the rest of the liquid separated by centrifug- 


ing. 


*Obtained from the Johns-Manville Corporation, New York City. 
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f. Solution of Antibacterial Substance—The precipitate was dissolved in 
from one-fifth to one-tenth of the original volume of 0.5 per cent sodium chloride 
solution containing 0.5 per cent phenol. The amount of solvent was governed 
in part by the poteney of the original material and the poteney desired in the 
final product, and in part by the physical consistency (viscosity) of the material 
atter solution. The solution was placed in the iee box for at least twenty-four 
hours, then filtered through super cel and paper pulp to remove separated fibrin. 
Qne per cent additional sodium ehloride (solid) was added and the solution 
stored at low temperature. 

ge. Preparation of Antibacterial Solution for Clinical Use.—The cold solution 
was allowed to warm to room temperature and filtered on a Buehner funnel 
through paper pulp and super cel and then through a Berkefeld filter. If filtra- 
tion was slow through a fine Berkefeld, preliminary filtration through a coarser 
(V), followed by filtration through the finer (N), was used. The filtrate was 
tested for sterility and then bottled in 10, 15, or 25 ¢.¢. vials, as desired. 
Suitable sterility tests on the vial contents were also earried out. The prepara- 
tions were kept in the ice box. At times, solid material (presumably protein) 
separated in the vials at the low temperature but dissolved readily again at room 
temperature. Since the material is warmed at 37° C. before use elinieally, this 
separation occasions no difficulty. Stock was labelled to be returned in six 
months. If the solutions beeame cloudy, they were refiltered and rebottled, as 
well as retested for potency. Poteney tests, either mouse or agglutination and 


precipitation, were carried out as deseribed elsewhere both on the filtered bulk 


and on the bottled materials. 

el. Alternative Method of Precipitation of Autibacterial Substance.—lf the 
supernatants of the preliminary precipitation tests ‘d** showed appreciable 
quantities (10 per cent or more) of the original antibacterial substanee, the 
following method was used. An equal volume of saturated ammonium sulphate 
solution was added with thorough stirring (so-called 50 per cent saturation), 
allowed to stand from four to five hours, and filtered on a number of large 
fluted papers. This filtration was complete overnight. 

fl. Solution of Antibacterial Substance.—The precipitate was removed from 
the filters, pressed between sheets of filter paper ina press for some hours, placed 
ina cellophane bag containing 10 ¢.¢. chloroform, and suitably tied and dialyzed 
against running tap water for from three to four days. To the solution after 
removal from the bag, 1.5 per cent sodium chloride and 0.5 per cent phenol 
(as phenol-ether mixture) were added. The volume was then from one-fourth 
to one-half of the volume before precipitation. The solution was placed in the 
ice box for at least a dav and then filtered through paper pulp and super cel to 
remove separated fibrin. Further treatment followed that described in seetion 
** ge 

NOTES ON THE EXPERIMENTAL PROCEDURE 

A. The method outlined is given as applicable to antiserums. Mssentially 
the same procedure can be used with plasma. The greater amounts of fibrin 
(and fibrinogen) in the latter may inerease the acid, perhaps other precipitates, 
and may also make filtration slower and more difficult. An essential feature of 
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the method consists in keeping the material as free from bacterial growth as 
possible. The importance of this fact and the desirability of having no produets 
of bacterial growth present in the final products was recognized early and 
strongly emphasized, among others by Anderson? in 1909 and by Avery and his 
coworkers* in 1917. 

B. Dialysis of the serum was an essential feature of the Banzhaf-Klein 
procedure.* This procedure was stated to depend upon the observations of 
Avery’ and of Felton® that pneumococeus antibacterial substances were pre- 
cipitated from serums by dilution with distilled water. Dialysis in the Banzhaf- 
Klein procedure was assumed to remove the salts and so play the part that was 
taken by dilution. It may be stated that, as a result of dialysis and the aecom- 
panying removal of salts, partial, but not complete precipitation of antibacterial 
substance occurred. The function of the dialysis did not, therefore, appear 
to be altogether simple. In addition to removing the salts, it evidently involved 
changes in the eharacter of the elobulins. Such changes have been de- 
scribed by Svedbere, > who, as a result of molecular weight determina- 
tions, considered that one globulin was) present) in serum initially and 
that different treatments broke it down into fractions designated pseudoglobulin 
and euglobulin, and by Reiner and Reiner,” who showed that repeated precipita- 
tions resolved a globulin precipitable at a definite Py, value (from 5.5 to 6.0), 
into two globulins precipitable at two different P), values (5.1 and 6.7). Dialysis 
evidently eaused changes in the natures of the protein fractions whieh resulted 
in the subsequent procedures furnishing an immunologically useful product. 
It was found possible to keep the contents of the bags sterile throughout the 
dialysis by using the precautions given, although tests* showed that about 70 
per cent of the phenol dialyzed out of the bags within the first three days. If 
the cellophane bags were used for more than one dialysis, they were washed 
thoroughly and kept in 5 per cent phenol solution until used again. 

(. The ‘taeid protein’” precipitation as developed by Felton! ' was an 
essential part of the method. With Types T and IT pneumecoceus antiserums 
it was permissible to allow the precipitate in the solution to stand overnight 
in the ice box; with other antiserums the time should be limited to five hours 
because of possible inactivation due to the acid condition. 

D. The preliminary tests for the best conditions for the precipitation of 
antibacterial substance were very essential. It was naturally desirable to obtain 
these conditions in as short a time as possible. Agelutinin and precipitin tests 
were used, therefore, and not mouse protection potencies. Comparative results 
were sufficient for the purposes in view, namely, possible losser of material as 
shown in the tests on the supernatants. A large number of pneumococcus (as 
well as meningoeoceus and other) antiserums were tested, but no regularities 
observed as to the most suitable hydrogen ion concentration. The two best values 
were found to be Py 5.9 — 6.1 and Py 6.8. Apparently a number of variables, 
including the organism and method used in inoculating the horses, the condi- 


tion and state of the horses (whether they had been bled over a long or short 


period of time), the keeping and handling of the serums, ete., all played a part 


*Carried out by Edward Buxbnum. 
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in determining the properties of the protein substanees present. These condi- 
tions, at present, are not controllable. In this connection, attention may be 
directed again to the work of Reiner and Reiner referred to earlier in this paper. 
The elassification of proteins to be applied to these different precipitates is not 
altogether clear. The ‘‘acid precipitate’? at Py 5.1, is in part fibrin and possibly 
euglobulin; the antibacterial substance precipitate may be considered to be 
pseudoglobulin, since practically all anti substances have been found to be asso- 
ciated with this protein fraction. However, this precipitate did not inelude 
all of the pseudoglobulin present in the serum. At times, antibacterial sub- 
stance was found in the supernatant from such a precipitate. In such a ease, 
recourse was had to precipitation with 50 per cent saturation of ammonium 
sulphate, the customary method of separating pseudoglobulin. 

Witii the pneumococcus antiserums, it was found a number of times that 
Types V and VIL showed considerable quantities of antibacterial substance in 
the supernatants. Ilowever, this was not always typical of these types, but 
more probably due to the previous history of the horses in these special cases 
hecause serums of these types from different horses caused no difficulty. 

The usual methods of carrying out the agglutination and precipitation tests 
were used. When practicable, both were employed. 

EK. In this manipulation it was evidently impossible to avoid contamination. 


Using 0.2 per cent phenol and working in the cold, it was found that bacterial 


vrowth was practically negligible or very small and the formation of appreciable 


quantities of products of such growth avoided. 

F. With some preparations, after solution, a gradual separation of protein 
substance occurred. This may have been fibrin or a conversion product of the 
vlobulin. Before use, this cloud or suspension was removed. As a rule, it con- 
tained no appreciable amount of active material. 

G@. The question of sterility was predominatingly important here. The 
comparatively large concentration of protein present in the final product and 
the oceasional difficulty of filtering through a Berkefeld filter, necessitated special 
eare for this part of the procedure. After various series of tests, it was decided 
to use 0.5 per cent phenol in all cases although recent experiments, as yet un- 
published, by Miss Rosenstein and her coworkers in this laboratory have thrown 
considerable light on the efficaey of various disinfectants with different con- 
taminants. Because of the possibility of the selutions becoming permanently 
cloudy on standing, a time limit of six months was placed on the clinical use of 
the materials. If, upon expiration of this time, the solutions were clear and 
showed no marked decrease in potency, they could be used directly. If, how- 
ever, a cloud or suspension was present which did not dissolve on warming to 
37° C., the preparation was pooled, refiltered, rebottled, and retested for sterility 
and potency. 

Poteney tests have been deseribed and diseussed in detail at various times. 
Agelutinin and precipitin tests were carried out by Miss Cooper essentially as 
deseribed in ‘*d’’ and ‘‘e.’’ Mouse protection tests were also carried out under 
the direetion and supervision of Miss Cooper. The details of the method were 


viven at various times by Felton,’ "! Park and Cooper,’® '* Falk, MeGuire, 
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Valentine and Whitney,' and perhaps in most satisfactory form by Beard and 
(‘lapp.’° 

El. The necessity of precipitating the total pseudoglobulin fraction by 50 
per cent saturation with ammonium sulphate was obvious. Beeause of the 
possible inactivation by the salt, the precipitate was filtered on the day it was 
formed. 

F1. The danger of contamination was present in this part of the procedure. 
The presence of the chloroform, eare in closing the eellophane bag, and rapid 
working when the material was exposed, however, limited bacterial growth. 


DISCUSSION 


The procedure deseribed is essentially that proposed by Banzhaf and Klein,* 
but with a number of modifications. The ‘‘acid protein’’ precipitation developed 
by Felton'’ ** is one of the most important single steps in the method. If prop- 
erly carried out, this step is fairly dependable in removing chill-producing sub- 
stanees from the preparations. Another important feature of the method is 
the prevention of bacterial growth and the formation of produets of such growth 
which, if present, may well accompany the antibacterial substances in the various 
manipulations and produce undesirable clinical reactions. 

The method as deseribed was developed with antibacterial substances ob- 
tained by the use of the different types of pneumococcus. It has, however, 
heen used in the refining of other antiserums as will be outlined presently. The 
method has been in use for over two years at the Laboratories of the Department 
of Health with generally satisfactory results as far as the evidence available 
indieates. This does not mean that methods used in other laboratories such as 
various salt precipitations, or the aleohol method of Felton'® are not equally 
satisfactory. The method deseribed here is preferred by the writers beeause of 
its comparative simplicity. 

The chill-produeing and possibly other deleterious substances whieh are 
oceasionally present offer the most direct problem for study. Felton’s ‘‘aeid 
protein’’ precipitation method is the most useful process available for eliminat- 
ing such substances. With some serums one refinement is not sufficient to re- 
move all of these substances, and the process must be repeated (ineluding dialysis 
for several days, ete.). It is evident that where large amounts of antiserum, such 
as for pneumococeus Types IT and II, are available, it is possible to carry out 
two, or even more, refinements with profit. With the other pneumococeus types 
where mueh less antiserum is available, the losses in refining comparatively 
small amounts, while in absolute quantity perhaps much the same as with large 
amounts, are so much greater in relative or percentage figures, that more than 
one refinement is inadvisable. This is perhaps the reason for the somewhat 
greater number of reactions observed clinically with the less common types of 
pneumocoeceus antiserum preparations, and not the fact that one process of 
refining is better than another, or that more information is available about cer- 
tain types. 

At the same time, much remains to be done in studying antiserums for the 


various types. For example, as stated before, in carrying out this work, it was 
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found that certain preparations of Type V and Type VIL pneumococeus anti- 
serums could not be refined by the simple dilution procedure, but required 
ammonium sulphate for precipitation. Similar materials from different horses 
could, however, be so refined. The eause for the different behavior is, at present, 
unknown. <All that can be said is that the antibacterial substances were present 
in different fractions of the **pseudoglobulin’’ in these eases and that they 
existed in all probability in different fractions of the protein material in the 
serums of the horses. Such differences may well be due to repeated and long- 
continued inoeulations and bleedings of the horses. 

In connection with the method described in this paper, several faets may 
he pointed out. The conditions under which the experiments were performed 
were not satisfactory so far as the possibility of maintaining sterility was 
concerned, Even under these unavoidably adverse conditions, it was possible 
in most of the experiments to maintain sterility in the dialyzed solutions. 
The chill reactions of some of the final products may have been caused by the 
bacterial contaminations and growths which took place in some of the refinings. 
But the faet may be stated with some degree of emphasis that, in the opinion 
of the writers, it is not only possible but feasible to maintain sterility, or at 
worst to inhibit bacterial growth, under suitable conditions of working. It 
may be stated again that the method of refining and concentrating antiserums 
here deseribed is in no sense complete and final. It marks a step in that a 
method is presented, simple to earry out, and generally satisfactory althongh 
the preparations may sometimes require a second or even third reworking. 

The questions of determining potencies and the elinieal efficacies of the 
refined preparations do not come within the scope of this paper exeept in so far 
as the satisfactory attainment of certain standards is a necessary condition for 
the use of the method. The study of poteney by mouse tests has been given by 
various workers a number of times. Where sufficiently virulent cultures were 
available, mouse units were used; otherwise agglutination and precipitation 
tests were resorted to as measures of the degree of concentration of the anti- 
bacterial substances in the refining process. Obviously the final volume of a 
preparation as compared to the initial volume controls the degree of the con- 
centration but it may be said in general terms that the antibacterial substances 
were concentrated between five and ten times in the final preparation. The 
losses In active materials were difficult to estimate because of the inaccuracies 


inherent in the experimental method of determining potencies. In order to give 


a figure, whieh, however, cannot be considered as of a high order of aceuracy, 
it may be said that, as a rule, between 50 and 100 per eent of the active material 
was recovered. 

The deseription of the method referred to pneumococeus antiserums. The 
same method, with practically no changes, was used with meningococeus anti- 
serums with equal suecess. It may also be used for additional antibacterial 
substances. Its possible application to other materials may be of interest. For 
instance, some experiments were carried out with searlet fever antiserum whieh 
contained both antitoxin and antibacterial substances. Following dialysis and 
‘acid protein’’ precipitation, the antibacterial substances were separated by 
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lilution at the most suitable hydrogen ion concentration followed by the preeipi- 
ation of the antitoxin with ammonium sulphate to 50 per cent saturation. The 
‘linieal results with these two preparations (or more properly, protein fractions) 
were too few to warrant any statement, but the method is suggestive and may 
rove of interest and value. 

The work described treats of the practical features of refining and con- 
entrating antibacterial substances. The more purely scientific aspects of the 
roblem have not been considered. There is, in fact, no evidence as to the 
nature of the active groupings or constituents of the anti substances. It would 
seem as if the time were ripe for a more intensive study of the chemical natures 
if these physiologically active materials. They, including both antitoxins and 
intibacterial substances, belong to the protein group of pseudoglobulins, which 
n general terms are less soluble than albumins and more soluble than euglobu- 
ins. This classification of the proteins is still arbitrary and based upon dit- 
ferences in solubility and not, as far as known, upon definite differences in c¢hem- 
ical compositions and structures. The work of Svedberg and of the Reiners, 
io which reference has been made, brings out the arbitrary character of the 
classifications. The change in solubility of certain constituents on treatments 
in refining indicates this fact. For example, heating diphtheria and tetanus 
intiserums with ammonium sulphate to 30 per cent saturation for an hour at 
58° C. converts some of the inactive pseudoglobulin into insoluble protein.’® '* 
On standing (or on dialysis), precipitates may be formed with antibacterial 
products. These phenomena appear to involve the conversion of ** pseudoglob- 
ulin’’ into ‘‘euglobulin.”” However, when the arbitrary nature of the classifica- 
tion is considered, to speak of the conversion of such constituents means nothing. 
Part of a protein fraction on simple treatment becomes insoluble (perhaps in a 
different nomenclature, denatured), and that is all that is known. Such simple 
changes taken in connection with the physiologie actions, however, may offer a 
promising field for study. Similarly, the precipitation of antibacterial sub- 
stances, best at fairly definite hydrogen ion concentrations, these concentrations 
differing somewhat with different preparations, would also repay study. So 
far, chemical analyses have not succeeded in throwing light on any of these 
phenomena. 

SUMMARY 


The methods in use at the Bureau of Laboratories of the Department of 
Health of New York City for refining bacterial antiserums are deseribed. 


Various applications of these methods are discussed and some general theoretical 


relations given. 


The writers wish to thank Messrs. Jerome Peltz, Eugene Cardone, Albert Glaubiger, and 
Edward Buxbaum for their aid in carrying out the experiments and in testing the details 
of the various procedures. Thanks are also due Miss Cooper, Miss Rosenstein, and their 
assistants for doing the many potency and sterility tests upon which the procedure was based. 
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QUANTITATIVE DETERMINATION OF CHLORAL HYDRATE 
IN BLOOD AND URINE* 


Max M. Fritpman, BoA. AND FRANK A. CALDERONE, M.D... New Yor, N. Y. 


ETTLER and Blume! have described a method based on the work of Cole® 

for the quantitative determination of small amounts of chloroform in tis 
sues. The final step in the method is a pyridine color reaction with chloroform, 
known as the Fujiwara*® color reaction. This color change is produced not only 
by chloroform but by all R-C-halogen.,, compounds. 

In the course of some work we were doing on anestheties, we found it 
necessary to determine the quantity of chloral hydrate in the blood and urine, 
and accordingly, after consultation with Dr. Gettler, we employed his method 
for this purpose. We met with difficulties, but these were overcome by certain 
modifications in the method. With these, we were able to determine quantita- 
tively amounts of chloral in solutions containing as little as 0.001 per cent. 


The procedure we employ for determining the amount of chloral hydrate 


*From the Department of Pharmacology, University and Bellevue Hospital Medical Col- 
lege, New York University. 
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n blood is as follows: In a thin-walled test tube, about 200 by 20 mm. in 
ize, is placed 2 ¢.c. of a 40 per cent NaOll solution, to which is added 1 ee. 
yyridine (colorless) and then 4 ¢.c. blood filtrate prepared by the Folin-Wu 
method. In a similar tube is placed the NaOIL and pyridine and 4 ¢.c. of a 
olution of chloral hydrate, for a standard. In our work the standard chloral 
ivdrate solutions ranged from 1 :20,000 to 1:100,000, the solution finally used 
‘or each determination being approximately that corresponding in chloral 
‘ontent to the blood filtrate. The two tubes are shaken simultaneously and 
qually and kept in a boiling water-bath for exactly one minute. They are 


hen cooled by placing them in an ice bath for one minute. Six cubie centi- 


neters of water is then added to each and the contents mixed by inversion. 
rhe contents are then filtered into colorimeter cups and readings made in the 
usual manner. The readings should be made within ten minutes from the 
time of heating, as the color changes on standing longer. 

For determining the chloral in the urine the same procedure is followed 
but here the urinary pigments may interfere with the colorimetric reading. 
lo obviate this instead of the final dilution with 6 ¢.c. of water, part of the 
water is replaced by an amount of urine corresponding to that taken for the 
chloral determination. Since the pyridine reaction does not occur in the cold, 
samples from the same urine are used in the water replacement. It is advis- 
able that the concentration of the unknown should range between 0.01 and 
0.05 mg. per ¢.c. If it is below 0.01 mg. it is necessary to add known quantities 
of chloral to obtain a satisfactory reading. 

In checking the accuracy of the method described for blood chloral con- 
centration, quantities of chloral ranging from 0.25 to 1 mg. were added to 
3 ¢.e. of blood and the color read against standard aqueous solutions. The 
blood figures were within + 3 per cent of the standard. 

It should be pointed out that the method used seems to apply only to free 
chloral, or at most chloral which has been very little modified. When con- 
jugated with glucuronie acid, chloral does not develop the pyridine color. 
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A METHOD OF DAMPING THE KROGH TYPE OF SPIROMETER FOR 
STUDYING THE RESPIRATION OF RABBITS* 


CHARLES I. Wricgut, Puo.D., ANN ArBor, MICH. 


HILE studying the effects of morphine and its derivatives on the respira 
tion of rabbits the author had reason to believe that the Krogh spiromete: 
being used did not follow accurately the respiratory volumes of the animals 
The apparatus consisted of a 40-liter rebreathing tank connected directly to ; 
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Fig. 1. \ record of the variations in amplitude of excursion of the undamped Krogh 
spirometer as described in the text. Upper tracing shows the variation at a volume of 25 e.c. 
and the rates (per minute) indicated. The lower tracing was made with a volume of 40° ¢. 
it the rates indicated, 


Krogh spirometer (500 ce. capacity) that recorded over two pulleys on a 
smoked kymograph paper. The float of the spirometer was made of phosphor 
bronze (0.038 em. thick), and required a counterbalanee weight of 80 em. at 
a distance of 10 em. from the axis of rotation. As a test of the ability of such 
a system to follow the respiratory volumes encountered, a 50 ¢.¢. syringe was 
used to introduce known volumes of air into and out of the rebreathing tank. A 


kymograph record of the exeursions of the spirometer showed at onee that 
*From the Department of Pharmacology, University of Michigan Medical School. 
Received for publication, November 2, 1933. 
This investigation was supported by a grant from the Committee on Drug Addictio: 
of the National Research Council from funds provided by the Bureau of Social Hygiene, 
inc., and the Rockefeller Foundation. 
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overshooting occurred at high rates (Fig. 1). The extent of this overshoot is 
shown by plotting the millimeter excursion of the spirometer against the rate at 
different volumes as given in Fig. 2. This graph shows an enormous overshoot 
starting at about 30 respirations per minute and a slight undershoot at rates 


below this point. It is obvious that with such a recording system no accurate 
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Fig. 2.—The variation in amplitude of excursion of the undamped Krogh spirometer with rate. 
Kach curve represents a constant volume as indicated. 

determination of respiratory volume ean be made on rabbits since the respiratory 
rate of these animals varies between 30 and 80 per minute. Especially is this 
true if the animal is forced to breathe CO,, which is frequently used as a re- 
spiratory stimulant. 

A spirometer float of extremely thin (0.035 em.) aluminum was made in an 
effort to reduce the mass, and thus the moment of inertia, sufficiently to allow 
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aecurate recording at the rates involved. 


The overshoot was reduced, but by no 
means eliminated. 


Finally an aluminum damping vane (diameter 5 em.) was fastened, by 
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Diagram of the Krogh spirometer and 


the method of damping. The float, counter- 
balance arm, damping vane, and 


attachment are made of aluminum. 
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f the amplitude of excursion of the damped Krogh spirometer at the 
volumes and rates (per minute) indicated. 

means of a hinged joint, to the counterbalance arm as shown in Fig, 3. This 

vane, immersed in oil as shown, effectively damped out all variations in the ex- 


cursion of the spirometer at rates up to 100 per minute. The oil used is com- 
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mercial motor oil of a viscosity usually designated by S.A.E. 40. This oil 
eritieally damps the apparatus here described at room temperatures between 
22° C. and 26° C. 

A test of the pressures developed in the rebreathing tank showed that no 
significant change in pressure was introduced by the use of this damping vane. 

Fig. 4 shows a record made by introducing volumes from 10 ¢.c. up to 
50 ¢.e. at the rates indieated using the damped spirometer. As can be seen, 
there is no variation in depth with rate, and a plot of the excursion of the 
pointer on the spirometer against frequency at any one volume gives a straight 


line, parallel to the abscissa, up to frequencies of 100 or more. 


COMPARISON OF THE KOLMER-WASSERMANN, KAITIN, AND 
ROSENTHAL TESTS FOR SYPHILIS* 


WITH SPECIAL REFERENCE TO THE Use OF THE LATTER IN THE PUBLIC 
HeaLrH LABORATORY 


ALBert L. Scorr, M.S., ROANOKE, VA. 


N RECENT years there has been a growing tendeney on the part of syphilol- 

ogists and laboratorians not to rely on a single test for the serologic diagnosis 
of syphilis. Some laboratories have replaced the time-honored Wassermann 
test with some simpler method, such as the Kahn test, but it is probably safe to 
say that most laboratories today use some modification of the Wassermann, 
checking the results by means of one or more of the flocculation tests. Of these 
the Kahn is probably the best known. The Kline test has more recently come 
to the fore as a simple microscopic test; it has been recommended by Kolmer! 
as being superior to the Kahn as a check test. In some laboratories it is routine 
to use both macrofloceulation and microflocculation tests to check the Wasser- 
mann results. The purpose of this study was to determine the applicability ot 
the newer Rosenthal microscopic test for use as a cheek method, 

In 1929, Rosenthal? deseribed a microfloec lation method which was teeh- 
nieally much simpler than the Kline test in that neither serum nor antigen was 
diluted, either before or after mixing, and tabulated the results obtained by 
testing 1,066 serums by the new method and by the Wassermann test. He found 
that the new test gave more clear-cut reactions with the weakly positive and 
doubtful Wassermann serums. Since it required only a small quantity of serum, 
it could also be used where only finger blood was available. In 1982, Tulipan 
and Direetor*® reported the results of the Wassermann and Rosenthal tests om 
1,067 serums, mostly syphilitic. They found that the two tests agreed in 986 
instanees, disagreed in 81. No disagreements were noted in individuals not 
clinieally syphilitic. Of the 81 disagreements on clinically syphilitie eases, the 


Wassermann was positive and the Rosenthal negative on 17; the Wassermann 


*From the City Health Department Laboratory. 
Reccived for publication, December 1, 1933. 
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was negative and the Rosenthal positive on 64. The majority of these disagree- 
ments occurred in tertiary cases and patients who had received treatment. 
These authors felt that the Rosenthal test tended to become positive earlier in 
the disease and to remain positive longer under treatment than the Wassermann. 
They recommended it for emergency uses, such as testing donors for trans- 
fusions, also to rule out negative serums before testing by more complicated 


methods. 


In 1933, Burdon and Duggan* reported tests on 1,235 serums by the Kahn 
and Kline methods; on 400 of these they also used the Hinton, Meinicke elarifica- 
tion, Sachs-Georgi and a modified Rosenthal test. On the basis of their results 
they did not reeommend the Meinicke or Sachs-Georgi methods, while they felt 


that the Hinton test was inherently limited in its practicability. Coneerning 
the Rosenthal test they stated: ‘*Our brief experience with the Rosenthal test 
has led us to believe that it is a method of real value as a supplementary pro- 
eedure and that it would be especially useful in those laboratories where the 
Kahn test is done routinely, since the Kahn aleoholie extract, the only necessary 
reagent except a 2 per cent cholesterin in acetone solution, would be on hand 
at all times. The method is simple, rapid and economical. The results show 
that it is practically as sensitive as the Kline test, and no false positives were 
recorded. The reactions, however, were by no means as clear-cut as those of the 
Kline method. and in tests with normal serums the emulsion may develop a 
diffuse granularity which one must learn by experience to disregard.’’? The 
modification of technie described by these authors will be detailed later. 
TECHNIC 

As devised by Rosenthal, the test was conducted as follows: Capillary 
pipettes were drawn from glass tubing, being kept together to form matehed 
pairs. With one pipette 4+ drops of inactivated serum were blown into the de- 
pression in a hollow-ground slide; with the other one drop of the antigen was 
added to the serum. The two were then mixed with a glass rod and, after a 
short time, examined under the low power objective. This method was used 
without significant change by Tulipan and Director. For the present study the 
modification of Burdon and Duggan was used. By this method the test is 
earried out as follows: 

Glassware: Slides, 3 in. by 2 in. with twelve paraffin rings are substituted 
for the hollow-ground slides. The paraffin rings are made aeceordine to the 
technie for the Kline test.° I have found that a piece of 22 or 24 gauge niehrome 
wire makes a more sturdy loop than the two turns of iron wire suggested by 
Kline. Slides with twelve depressions ground in would be a timesaver where 
large numbers of tests are to be run, but for most laboratories the cost would 
probably be prohibitive. One eastern supply house quoted such slides at ap- 
proximately $2.00, each. 

Pipettes: Those used for the Wassermann or Kahn tests may be employed. 

Antigen: No. I. Kahn standard aleoholie beef heart extract (not choles- 
terinized). 


No. Il. Two per cent solution of cholesterin in chemically pure acetone. 
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The stock solutions are kept at room temperature and mixed in equal parts 
for use. The mixed antigen keeps well for from one to two weeks. Rosenthal 
tinted the antigen with methylene blue, but this is not essential to ease in 
reading. 

Method of Test: Five-hundredths cubic centimeters of undiluted inactivated 
serum is pipetted into the paraffin ring. More than twelve tests should not be 
set up at one time. A drop of the antigen mixture is then allowed to fall on the 
surface of each serum from a pipette delivering about 0.015 ¢.e. per drop. 1 
have found that a Schick test (27 gauge) needle on a small syringe makes a 
very satisfactory substitute for the capillary pipette, delivering approximately 
the correct amount of antigen. The annoyance of having the tip of the pipette 
heeome broken, possibly in the midst of a series of tests, is also obviated. 
Magath® suggested sealing a needle into a glass tube for use as an antigen pipette 
for the Kline test; this expedient could also probably be successfully used in 
the Rosenthal method. The time of addition of antigen to the serums is noted, 
and each preparation stirred with a separate toothpick. They are then examined 
under the low power objective, focusing on the surface of the drop. A pre- 
liminary observation is made of the character of the granular field; the final 
reading is made within from five to eight minutes, never more than ten, from the 
time the antigen was added. <A negative reaction appears as a granular suspen- 
sion, evenly distributed; slight clumping is noted as doubtful; well-defined 
clumps as positive, and large clumps in a c¢lear field as strongly positive. A 
clear distinction between 2, 3, and 4 plus cannot be made. 

Wassermann and Kahn Tests: Kolmer’s three-tube qualitative modifieca- 
tion of the Wassermann test? was used as the basie test in the examination of 
all serums, and agreement with it was considered the eriterion of efficiency. 
The Kahn test was performed in accordance with the directions given by Todd 
and Sanford,® using antigens obtained from the Difeo Laboratories. Kahn tests 
on the first 707 serums in the study were made with the ‘‘standard’’ antigen, 
the remaining 483 were tested with the ‘‘sensitized’’ antigen. 

Interpretation of Results: The majority of the blood specimens examined 
in this laboratory come from the Municipal Venereal Disease Clinie, and of 
these the largest percentage is from colored patients. Cases of anticomple- 
mentary Kolmers accompanied by agreement of the Kahn and Rosenthal tests 
were considered as absolute agreement. In case of diserepaney in the two 
latter tests, additional specimens were taken, if necessary after a provocative 
injection of neoarsphenamine, until either positive or negative Kolmer reactions 
were obtained. However, these cases of anticomplementary Wassermanns with 
disagreement in the two check tests are listed as separate classifications in Table 
I, in whieh the various combinations of results are tabulated. A doubtful 
Rosenthal reaction with a negative Kolmer and Kahn test was considered as 
negative, except in treated cases, but with a positive Kolmer and Kahn reaction 
it was considered positive. In treated cases a positive or doubtful Rosenthal, 
even with a negative Kolmer and Kahn test, was considered as indicating the 
necessity for further treatment, 
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RESULTS OF TESTS 


In this series of tests we have examined 1,185 specimens of bleod and 5 of 
spinal fluid. Four of the latter were negative by all three tests, the fifth gave 
a+ plus Kolmer, negative Kahn and doubtful Rosenthal. The results with the 
Rosenthal test as applied to spinal fluid are thus seen to be rather inconclusive, 
and further study along this line would be desirable; however, these five speci- 
mens are ineluded in Table I, with the results on ~*e 1,185 blood specimens 
There were 886 specimens for diagnosis; these are designated **New’” in the 


table. There were 290 for the result of treatment, and 64 were unelassified in 


this respeet. Some of the patients classified as new were known to have received 


TABLE |] 


KOLMER ROSENTHAL NEW rREATED TOTAL 
Neg. Neg. Neg. 536 146 ; tad 
Pos. Pos. 192 1 ( P50 

728 195 : 977 
Pos. 1() 3) 83 
l’os. 10 pat | 
Neg, Ss 
Pos. 1] 
Nee, : } 
Neg. l 

Pos. 

Neg. 
Neg. 
‘) 
Neg. 
Pos. 
0) 
i) 
() 


Pos. 


Total (all tests ) 


"AC. Anticonmplementary. 
rO— Test not made. 


ROSENTHAT 
Per. NO. Per, 
Positive ee eH) 22.69 
Negative 
\nticomplementary 
Not done } By ot 1.04 0.92 


Total 100.00 100.00 100.00 


74.24 66.39 


treatment from one to twenty vears previously, but their blood tests were not 
made as a cheek on such treatment, but rather for diagnostie purposes. 
The first division of Table | records the tests whieh may be considered as 


absolute aereement: the second division those in which disagreements oecurred 
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among the three methods; and the third division those specimens on which one 
or two of the tests were not done, due usually to an insufficient amount of serum, 
breakage of tubes, ete. 

Consideration of Tables Land TL shows that the Rosenthal test is apparently 
more sensitive than either of the other two, especially in the eases of patients 
who have received treatment. It will also be noted that the greatest number 
of discrepancies falls in the class of treated eases. These findings are in accord 
with those obtained by Tulipan and Director. Contrary to these authors and 
also to Burdon and Duggan, Table | shows a number of examples of what must 
have been false positives although several of the serums may have been from 
early cases of syphilis or from patients who had previously received treatment. 

Of the 180 disagreements noted in the second division of Table 1, 147 showed 
negative Kahn tests with positives by either one or both of the other methods. 
Of this group, 94 were included in the 707 specimens examined with the standard 
antigen, while 538 were part of the 483 tests made with the sensitized antigen. 
This gives pereentages of 13.2 and 10.9, respectively. This reduced sensitivity 
of the standard antigen was also remarked by Burdon and Duggan. 

Krom the standpoint of practicability, it is desirable to know what per- 
centage of agreement may be expected from the tests under consideration, or 
from various combinations of them. These figures are tabulated in) Tables Tl 


and IIT. 


IN AGREEMEN'I \ Pie PERCENTAGE OF TOTAL 


KNolmer, Kahn and Rosenthal 7 B23 
Kolmer and Rosenthal ‘ oe 
Kolmer and Kahn Abb SO. 


Kahn nnd Rosenthal Cs So. 


SUMMARY AND CONCLUSIONS 


Results are presented covering the examinations on 1,185 specimens of blood 
serum and 5 spinal fluids by the Kolmer-Wassermann, Kahn, and Rosenthal! 
tests. Comparisons are tabulated, giving the percentages of agreement between 
the various combinations of tests. On the basis of these results, we may con- 
elude that the Rosenthal test is an aeeurate, simple, and ceonomical method, 
agreeing well with the Wassermann and Kalin tests. On these grounds it ean 
he recommended as a check tesi, or as a preliminary test, to be checked later 
by other methods. Ht is especially applicable to the publie health laboratory, 


where the short time requirement (twelve tests may be set up and read in ten 


minutes) will commend it to most laboratorians. The fact that it may be per- 


formed with finger blood and in sueh a short time makes it a valuable procedure 


for use in the hospital laboratory as an emergeney method, such as for testing 


be remembered that the 


donors for transfusions. In this connection it is to 
antigen may be kept on hand and a single test set up without any bother of 


making dilutions or waste from preparing a quantity of reagent. Tt may also 
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be found useful in the routine suggested by Tulipan and Director, that of test- 
ing first by some simple method to rule out the frank negatives, then testing 
positive and doubtful serums by other methods to confirm or disprove the pre- 
liminary findings. 

As with any study of this type, the results obtained give rise to other 
interesting problems which must be passed up in this laboratory. The question 
of whether the positive Rosenthals with negative Kolmer and Kahn reactions in 
new patients are really false positives or whether they are incipient syphilis or 
beginning cerebrospinal syphilis, could be solved by the aid of a well-organized 
social service follow-up work. It would also be interesting to tabulate such a 
series as this one on the basis of the part of the bedy involved, that is, visceral, 
cerebrospinal, bone, ete. This could best be done in a large hospital center. 


The author wishes to express his appreciation to the following men for their criticism 
of the manuscript during its preparation: Dr. G. D. Johnson, Dr. H. H. Wescott, Dr. K. D. 
Graves, Dr. W. F. Manley, Dr. W. C. Stephenson, Jr., and Dr. K. T. Redfield. 
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AN AUTOMATIC-FILLING INK RECORDING SYSTEM AND 
PERMANENT TYPE WATER MANOMETER* 


J.P. Quieitey, Pu.D., CLEVELAND, Onto 


AN INK recording system on apparatus such as the water or mercury 


manometer, signal magnet, ete., has distinct advantages over the ordinary 


smoked paper recording method. The apparatus indieated in Fig. 1 is sturdy, 
durable, simple, and of light weight. The ink recorder and the permanent type 
water manometer (Fig. 2) have been continuously used with satisfaction in 
balloon studies of gastrointestinal motility for the past two vears. A manometer 


having the dimensions indicated is satisfactory for many purposes, and manom- 
*From the Department of Physiology, Western Reserve University Medical School. 
Received for publication, December 8, 1933. 





QUIGLEY: AUTOMATIC-FILLING INK RECORDING SYSTEM 
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Fig. 1.—Automatic-filling ink recording system. A, Ink reservoir; B, distributing unit 
(for group of manometers); C, Gaskell clamp compressing rubber tube filled with wicking; 
D, glass tube guide for thread; FE, double thread of Richardson silk “A” (feeds ink to F 
and carries away excess) weighted with shot; F, writing point of thin-walled glass capillary 
tubing; G, cup-type writing point fastened to signal magnet by spiral of spring wire, 
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eters of this type, which are exact duplicates or definite variations, can be made 
to subserve special purposes, Difficulties related to air leaks are largely elim- 
inated, and the necessity of making replacements is decreased by the avoidance 


of most of the rubber tubing employed on ordinary manometers. 
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Fig, 2.—Permanent type water menometer. Glass tub: 1 and broess tube B set into 
brass blocks, G and H; C, tube of soft copper or lead (reaches to balloon tube inserted in 
animal); 2, brass tube sweated into WT and fitted at outer end with short length of rubber 
tube and clamp Cemployved in adjusting pressure within svstem): &, thin-walled glass float 
sealed te float rod of flexible wire and light weight enpillary tubing; F, brass rod sweated 
into @ Cused with DPD to support manometer). 
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Robert A. KILDUFFE, M.D... Abstract Eprror 


UNDULANT FEVER, ‘‘Bruceliin,’’ a Possible Specific for, Huddleson, I. F., and Johnson, 
H. W. Am. J. Trop. Med. 13: 485, 19383. 


The authors comment upon the various pitfalls surrounding the accurate diagnosis 
of Brucella infection, emphasizing the uncertainty of blood cultures, especially in infections 
of the suis or abortus varieties, and the difficulties of accurate interpretation of agglutination 
titers. 

They have developed what they consider a satisfactory procedure for the detection of 
active Brucella infection utilizing both an allergic skin reaction and a determination of the 
opsonophagoeytic power of the patient’s blood. 

These procedures are carried out as follows: 

Brucella Allergic Skin Test.—The test solution is a soluble nucleoprotein fraction made 
from the three species of Brucella in 1:1,060 dilution in slightly alkaline physiologic saline. 

The test is made by injecting about 6.1 ¢«. of the fluid intracutaneously in the upper 


rauge needle, The size of the local reaction, which 


fal faa 


anterior surface ef the forearm using a 26 
is characterized by a circumscribed erythema and edema, may vary from 1 to 2 inches in 
diameter and appears within from four to forty-cight hours after injection. It may persist 
for from forty-eight to ninety-six hours. There is invariably no necrosis or sloughing of the 
tissue at the point of the local reaction. In the infected, the local reaction may be ae 
companied by a more marked manifestation of symptoms. Those that are hypersensitive 
will show a severe systemic reaction ong with the local reaction. Those that have not been 
sensitized to Brucella and who are probably susceptible to infection show no local or systemic 
reaction. One often sees in certain individuals an erythema, about 4% to L inch in diameter 
with no edema around the point of the injection. It has the appearance of a nonspecific 
reaction. 

Determination of Opsonophagocyti Power of Blood. (See abstract published in June 
issue, page 1024: Huddleson, Johnson, and Hamann, ‘fA Study of the Onsonocytophagic 
Power of the Blood and Allergic Skin Reaction in Brucella Infection.*’) This is a modifies 
tion of the Leishman-Veitch technic and consists in mixing equal quantities of a citrated 
(QS per cent sodium citrate) fresh blood sand a heavy bacterial suspension of living organ 
isms in a small Wassermann tube, incubating at 387° C. for thirty minutes, and subsequently 
making spreads and sta aing with Hastings’ stain. The addition of a definite amount of 
sodium citrate prevents clotting of the blood and inhibits the action of Brucella opsonins 
which are present in the serum of many normal individuals, 

This paper is particularly concerned with a report of the therapeutic results obtained 
with ** Brucellin,’? a product developed by the authors which may possibly prove a specific 
for the treatment of undulant fever. 

This agent is prepared by growing each of the three species of Brucella in separate 
flasks of beef liver infusion broth, adjusted to a Py, of 6.6, for sixty days at 37° C. The 
inoculated flasks are shaken vigorously at weekly intervals. At the end of the stated 
growing period, each flask is examined bacteriologically and, if found contaminated, is dis 
earded. The broth is clarified by centrifugation at a speed of 3,000 pan. for four hours. 
The clear liquid is decanted and adjusted to a P,, of 7 with N/I WChL The product from 
each of the three species is now pooled and filtered twice through sterile Berkefeld N filters. 
The filtered liquid is transferred to sterile flasks or tubes and incubated for five days at 
o7° C. to determine sterility. It is standardized and transferred to sterile 1 ©.c. vials or 
stored in larger containers until ready for use. The duration of its petency has not been 


fully determined. 
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When a certain diagnosis of undulant fever has been made, an intradermal injection 
of about 0.05 to 0.1 «cc. of ‘‘Brucellin’’ should first be given to determine the sensitiveness 
of the patient to this material. If no marked systemic reaction is elicited within forty- 
eight hours after the intradermal injection, one may give 1 ¢.c. intramuscularly. This dose 
should be repeated at intervals of three days until four injections are given. The intra 
muscular injections usually cause a local reaction and the temperature of the patient to rise 
to 104 or 105° F. About one to three hours after the temperature reaches its highest point, 
it begins to fall by steps or may rapidly drop to near normal. There is as a rule an increase 
in the severity of the symptoms, such as headache, muscular pains, chills, and sweating. The 
increase in the severity of the symptoms usually does not persist for more than twenty-four 
hours. The temperatures of patients treated within the fourth week after the onset tend 
to return to normal or subnormal after the second injection. 

If the systemic reaction from the intradermal injection is quite severe, it is advisable 
to start the intramuscular injections with 0.1 or 0.2 ¢e. If there is no severe systemic re- 
action following the intramuscular injection of the smaller amount, the succeeding dose at 
the end of the three days may be doubled. Each dose thereafter may be @oubled, providing 
the systemic reaction is not severe, until 1 ¢.c. is reached. Three successive 1 ¢.c. injections 
may then be given. Certain individuals show very little systemic reaction to 1 ¢.c¢. amounts 
of ** Brucellin.’?* Such patients do not respond to treatment until after the dose is increased 
to 3 or 5 €.e. amounts. 

In case children are treated with ‘‘Brucellin,’’ the beginning dose should be 0.2 e.e. 
If the reaction which follows is not severe, each succeeding dose at three-day intervals may 
be doubled until 1 ¢.e. is reached. Three successive 1 ¢.c. injections may then be given. 

The ambulatory or chronie type of case of long standing does not respond as readily 
to four 1 ¢.c. injections of ‘‘ Brucellin’’ as those of three months’ duration and less. It may 
be necessary to gradually increase the dose to 5 ¢.c. by 1 ¢.c. steps in order to effect recovery 
in cases of long standing. Several cases, however, of from eight to twelve months’ duration 
have responded very readily to four injections of ‘‘Brueellin.’? The response to treatment 
made by infected infants and children, including those in which the disease has assumed 
the meningeal form, is very striking. 

One should not try to avoid systemie reactions from injections of this material. It is 
necessary to produce two or three systemic reactions in order to bring about recovery. 

If it is possible, one should determine the opsonocytophagie activity of whole citrated 
blood for Brucella after the fourth injection as it has been observed that the phagocytic 
activity of the blood for Brucella is one of the surest criteria of complete recovery from in 
fection. In the absence of such a test one must be guided in determining recovery by the 


disappearance of the clinical manifestations of the disease, by the appearance of a subnormal 


temperature, change in mental attitude of the patient and marked increase ++ the appetite. 


Because of the danger of severe systemie reactions as a result of sensitization, it is es- 
sential that ‘‘ Brucellin’’ be used only for active cases and never injected into a recovered pa 
tient. The necessity for accurate distinction between a recovered patient—recognized by 
the presence of agglutinins, for example—and an active infection is obvious and cannot be 
overemphasized. 

‘*Brueellin’’ has been used in the treatment of 80 cases with excellent results. 


SWIMMING POOLS, Some Factors Involved in the Use of Chloramines for the Disin- 
fection of, Fletcher, A. H., and Link, E. C. Am. J. Pub. Health 23: 1255, 1933. 


The decided advantage in the use of chloramines for disinfection of swimming pools 
having a slow rate of recirculation, poor spacing of inlets, hand application of chlorine, or 
those operated as fill-and-draw pools, and especially when the pool is out of doors, has 
prompted its use for another season. 

The use of chloramines instead of chlorine alone requires certain extra tests and con- 


trol to guard against its limitations. Some of these are: (a) the requirement of higher 
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residuals, that is from 0.7 to 1 p.p.m.; (b) the control of the ratio of ammonia to chlorine 
and of the free ammonia content in the water; (c) the control of the Py of the water 
routinely; and (d) the collection of all samples in sodium thiosulphate-treated bottles. 

The duplicate series of tests on ordinarily collected samples and dechlorinated collected 
samples showed a lag in the killing power of chloramines over the chlorine on B. coli. 

A moderate excess of sodium thiosulphate when used as an antichlor was found to have 
no disinfecting effect. 

Copper sulphate, if added every second night after closing at a dosage rate of 5 Ib. 
to each 100,000 gal. of water, definitely and completely controlled algae or slime growth at 


any, pool where it occurred in Memphis. 


STREPTOCOCCI, Hemolytic Properties of the Mastitis, Hansen, P. A., Hucker, G. J., and 
Snyder, M. A. Am. J. Pub. Health 23: 1262, 1933. 


Of 91 authentic strains of S. mastitidis being carried in various laboratories as typical 
streptococci associated with mastitis 50 were of the alpha and 41 of the alpha prime 
hemolytie types. 

The streptococcus commonly associated with chronic or subclinical mastitis always pro 
duces the alpha or alpha prime type of hemolysis on blood agar, bordering on a slight beta 
hemolysis. Strong beta hemolytie strains were not found among the cultures. Two strains 
of streptococci from mastitis were beta hemolytic, but they were found by cultural studies 
to be different from the type generally found associated with mastitis. 

A careful study of the authentic mastitis streptococci isolated from chronic cases 
reported to be beta hemolytic were found to be of the alpha prime type. This distinction is 
apparent when deep colonies are examined by a stereoscopic binocular microscope. 

Blood from sheep, ox, and horse was used with similar results. The type of blood 


did not appear to affect the type of hemolysis produced on blood plates. 


PREGNANCY, The Sex Determination Test of Dorn and Sugarman, Curphey, T. J., and 
Romer, A. 8S. J. A. M. A. 101: 1680, 1935. 


From their experimental study the authors conclude: It is evident that there is no 
constant agreement whereby the changes excited in the testicle of the rabbit can be used to 
predict the sex of the unborn child. 

Using a pure bred strain of New Zealand white rabbits, they were uaable to confirm 
the observations of Dorn and Sugarman as to the prediction of sex in the unborn child, 

The age of the experimental animal and the anatomic location of the testicle at the 
time of intravenous injection of urine of pregnancy apparently plays no part in the matter 
of testicular stimulation. 

There is present in the urine cf pregnant women a so-called spermatogenie factor unas 


sociated with the sex of the unborn child. 


The need exists for a further invest on as to a possible relationship between this 
spermatogenic factor and toxemic states « ynancy, 

TUBERCULOSIS, Effect of Vace. i With BCG on Children From Tuberculous Families, 

Park, W. H., Kereszt: “fishulow, L. J. A. M. A. 101: 1619, 1935. 

From the resui <y jions it appears that B.C.G. is so attenuated that 
even under the most of artificial cultivation it is difficult to increase its 
virulence to any des five vears, the virulence of the B.C. G. vaccine was 
tested on 165 ravi noteall gs but no evidence was found of any increase in 
virulencs Twent: : id-fius. Oneilli that were recovered from the cold abscesses 
of sevent UIGPA sa .. one to six months” stay in the body showed no increase of 
virulence “a B.C.G. in colony merphology and were nonvirulent for 


rabbits ar 
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One culture was recovered from the mesentery of an orally vaccinated child six weeks 
after vaccination. This culture showed no increased virulence and culturally was typically 
like B.C.G, 

The pathologic material that was obtained from children who were vaccinated with 
B.C.G, and died of other infections showed no evidence that B.C. G. tended to increxse in 
virulence during its residence in the human body. 

On the basis of their limited experience and on the basis of publications of others, 
the authors do not think that slight primary tuberculous infection acquired by natural in- 
fection or produced by vaccination diminishes resistance against future superinfections by 
tuberculosis. 

Children of tuberculous families vaceinated orally with B.C.G. show lower mortality 
from tuberculosis than corresponding controls, 

None of the parenterally vaccinated children died of tuberculosis, whereas the children 
who were not vaccinated and were similarly exposed showed about 3 per cent mortality from 
tuberculosis. There was no appreciable difference in the mortality of the controls who had 
negative roentgen findings in the chest when they were first seen, whether they had negative 
or positive initial tuberculin tests. 

Tuberculin tests performed on 148 nonvyaccinated children followed up since birth 
and on 205 children orally vaccinated with B.C.G. before their tenth day showed, during 
the first two years of life, from 20 to 40 per cent more positive Mantoux tests among the 
latter cases. The allergy produced by B.C.G. apparently does not usually last for more 
than two or three vears, 

Comparatively few of the control children developed positive reactions to tuberculin, 
even when they were more or less exposed to open tuberculosis, i.e., 20 per cent in the first 
vear and 50 per cent up to the fourth year. 

if repeated tuberculin tests are performed through the years, a small percentage of 


the slightly or moderately positive reactions become negative. 


NEPHRITIS, Types of and Their Management, Christian, H. A. J. A. M. A. 102: 169, 

1934 

The present study of lipoid nephrosis and the so-called ‘* nephrotic syndrome’* suggests 
that lipoid nephrosis, in adults at least, is a form of Bright’s disease. 

The frequent association of lipoid nephrosis with definite glomerular nephritis, the fact 
that cases of clinically pure lipoid nephrosis may terminate in uremia from the end-stages of 
glomerular nephritis, and the fact that not a single case typical of lipoid nephrosis in an 
adult has come to postmortem examination at the Mayo Clinic suggest that at least most 
eases of lipoid nephrosis represent a stage in, or an unusual type of, glomerular nephritis. 
If other cases oecur, they are extremely rare, 

The relatively high percentage of patients who have been cured of lipoid nephrosis, 
or who have shown marked and prolonged improvement, and the relatively slight evidence 
of glomerular nephritis in most instances at postmortem examination, even among patients 
who have given clinical evidence of glomerular nephritis, justify the grouping of these patients 


clinically in a separate group from that of ordinary glomerular nephritis. As long as the term 


lipoid nephrosis has been so uniformly accepted there seems to be no good reason for 


changing it. 


SERUM PROTEINS, In Diseases not Primarily Affecting the Cardiovascular System or 
Kidneys, Peters, J. P., and Eisenman, A. J. Am. J. M. Se. 186: SOS, 1935. 


From an analysis of 109 total protein determinations from 52 individuals and of 50 
protein fractions from 34 individuals, the following limits of normal variation have been 
defined: for total protein, from 6 to 8 per cent; albumin, from 4 to 5.5 per cent; globulin, 
from 1.4 to 3 per cent. Globulin in excess of 2.5 per cent was found only in the winter 
months and may represent effects of respiratory infections which are so prevalent in this 


climate at that season. 
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Total proteins have heen determined 542 times in 374 patients suffering from various 


diseases which do not affec: directly the cardievascular or renal systems, and in 215 of these 
subjects 332 determinations of protein fraction have been made. The data have been analyzed 
from various points of view and the following conclusions have been drawn, 

The relation between edema and the estimated protein osmotic pressure is in keeping 
with the theory of Starling. 

Reductions of albumin can be connected almost invariably with malnutrition, 

Increases of globulin are found with infections, especially suppurative processes and 
uleerative tuberculosis or syphilis; in connection with certain tumors, particularly myelomata, 
and in cirrhosis of the liver. 


The study has thrown no light on the sites of production of the two protein factors. 


TRICHINIASIS, The Use of an Intradermal Test in the Diagnosis of, McCoy, O. R., Miller, 
J. J., Jry., and Friedlander, R. D. J. Immunol, 24: 1, 1933. 


Of 36 persons ill with trichininsis (i.e., two to six weeks after infection) 25 (70° per 
cent) gave positive immediate skin reactions following intradermal injection with 0.1 ¢.c, of 
a 1:10,000 dilution (in terms of dry weight of powder) of a saline extract of Trichinella 
spiralis larvae. An additional & reacted to a 1:500 dilution of the antigen making a total 
of 33, or 92 per cent peritive. 

Of 39 persons tested from three to twenty-two months after infection, 19 (49 per cent) 
reacted to the 1:10,000 dilution and an additional 12 were positive to a 1:500 dilution, a 
total of 31 or SO per cent positive. 

Of 13 persons ill from three and one-half to seven and one-half vears prior to the test, 
+ (23 per cent) were positive to the 1:10,000 dilution, and 5 more reacted to the 1:500 dilu 
tion, a total of 8 or 62 per cent positive. 

One hundred and four control persons from Rochester, N. Y., showed an incidence of 
per cent positive with the 1:10,000 dilution and a total of 18 per cent positive with both 
the 1:10,000 and 1:500 dilutions. Forty-seven control persons from San Francisco, Calif., 
showed an incidence of only 4 per cent positive to the 1:10,000 antigen and 6.5 per cent 
positive with both the 1:10,000 and 1:500 dilutions. 

Ninety-two persons from southern Louisiana infected with Trichuris trichinra showed 
an incidence of 18 per cent positive with the 1:10,000 dilution and a total of 62> per cent 
with both the 1:10,000 and 1:500 dilutions. 

From the data given in the present paper it appears fairly well established that about 
90 per cent of persons ill with trichiniasis will give a positive skin test to the trichinella 
antigen provided the disease is sufficiently established. This period is apparently between 
two and three weeks after infection although in some cases a positive skin test may not 
appear until the fourth week. 

The first consideration which complicates the interpretation of a positive trichinella 
stin test is the possibility that a previous light infection which has nothing to do with the 
present illness is responsible for the sensitization. This possibility is somewhat reduced by the 
fact that there seems to be a tendency to lose sensitivity over a period of years following 
infection. 

Another consideration which must be thought of in the interpretation of a positive 
trichinella skin test is the possibility that the reaction is a Group [ due to infection with 
Trichuris trichiura. The data show that most of these group reactions occurred with the 
1:500 dilution of the antigen, but that a few probably occurred also with the 1:10,000 dilu 
tion. From the series of control tests performed, the authors are of the opinion that worm 
infections, other than trichuris, allergie disturbances, or other ordinary diseases are not an 
appreciable factor in causing group reactions to the 1:10,000 dilution of the trichinella 
antigen. It is possible, however, that in isolated instances group reactions may occur. In 
such eases it would probably be advisable to perform control tests with other proteins. 

From a practical standpoint the trichinella skin test cannot be considered a certain 


diagnostie test. It appears that a negative test will probably prove more useful in ruling 
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out the diagnosis of trichiniasis than a positive one in establishing it. A positive test, how 
ever, definitely strengthens the evidence for the diagnosis and may justify further search fon 
the parasite. Positive tests obtained with antigen dilutions of 1:10,000 or higher are of mors 
definite diagnostic value than those obtained with lower dilutions. A year’s experience in 
using the skin test in hospitals where trichiniasis not infrequently occurs leads the present 


authors to the conclusion that it may be a valuable aid in the diagnosis of the disease, 


TRICHINOSIS, A New Jersey Outbreak of, With Report of a Case Complicated by Femoral 
Thrombosis, Kilduffe, R. A., Barbash, S., and Merendino, A. G. Am. J. M. Se. 186: 


794, 1933. 


A case of trichinosis complicated by femoral thrombosis is reported together with the 
particulars of an outbreak arising from the ingestion of homemade sausage and involving 


13 persons. 


TRICHINOSIS, Bachman Intradermal Test in Human, Kilduffe, R. A. Am. J. M. Se. 186: 

802, 1935. 

The results of the application of Bachman’'s skin test applied to 33 individuals exposed 
to trichinosis are reported and enalyzed, from this analysis the author concluded that in the 
study of human trichinosis: 

1. The demonstration of eosinophilia is .ot only technically simpler than the demonstra 
tion of the skin test, but always feasible, wi is the skin test, requiring an antigen difficult 
to prepare, is feasible only when the antigen available. 

2. In point of delicacy and constancy of appearance eosinophilia serves as a reliable 
index of trichinosis in the human being. 

3. The Bachman skin test in the study of human trichinosis presents no practical ad 


vantages over the demonstration of eosinophilia. 


NEUTROPENIA, Benign and Malignant, Beck, R. C. Arch. Int. Med. 52: 239, 1933. 


Because of its comprehensive survey of the subject this paper should be read in the 
original, as its character precludes a satisfactory abstract. The summary following indicates 
the completeness of this review, which is followed by a report of 4 cases. 

The subject of benign and malignant neutrepenia has been covered, and this informa 
tion has been compiled in more or less texthook fashion. 

Many names have been proposed for this disease entity, benign and malignant neutro 
penia seeming to be the most appropriate. 

The two groups, benign neutropenia and malignant neutropenia, have been further sub 
divided into primary and secondary types, depending on the etiology. <A classification is 
based on this method of distinction and on the clinical course, which tends to give a mental 
picture of the types that make up this disease. 

A review of the physiology of granulopoiesis is given, since the accuracy in interpreting 
the blood picture in primary benign and malignant neutropenia is dependent on an under 
standing of the underlying mechanism of granulopoiesis. 

A review of the theories of pathogenesis of benign and malignant neutropenia is covered, 
and a theory is formulated based on the underlying pathology and physiology of granulopoiesis. 
It is suggested that in each case of neutropenia it would be advisable to determine the etiology 
and underlying changes in the bone marrow. Biopsies on specimens of bone marrow in all 
cases before treatment is given would prove or disprove the theory of an endogenous disturb 
ance of chemotactic and maturation factors for granulocytes as being the cause of this 
disease. 

The pathology of the characteristic lesions has been covered, and complete laboratory 
data given. 


Symptoms, diagnosis, differential diagnosis, and prognosis have been discussed. 
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A section is devoted to a theoretical consideration of the treatment for this disease, 
s well as a review of all forms of treatment to be found in the literature. The rationale 
if these treatments, when possible, has been discussed. The theory is advanced that a 
pecific treatment for malignant neutropenia involves an investigation of the chemical matura- 


ion factors which determine the granulocytes. 


SILICOSIS, The Pathology of So-Called Acute, Gardner, L. U. Am. J. Pub. Health 23: 
1240, 1933. 


A histologic study of 15 cases of so-called ‘‘acute’’ silicosis has been reported. This 
as based upon examination of the lung tissues of 9 tunnel workers exposed for from nine 
0 thirteen months, 3 sand blasters, for twelve to seventeen months, and 3 sand pulver- 
zers on whom satisfactory histories of exposure were not obtained. Chemical analysis demon- 
trated that their lungs contained as much silica as those of South African gold miners em- 
loyed for long periods. Their alleged occupational exposures did not exceed seventeen 
1onths, a contention which is supported by the early age of the group as a whole. These men 
lied of infection from nine to twenty-one months after ceasing work. In 11 of them the 
nfection was considered to be definitely tuberculous, and in 2 others it was probably so. The 
ther 2 had unresolved pneumonias. All but 1 of them, a tunnel man for thirteen months, 
resented microscopic lesions characteristic of silicosis, but in no case was the disease suffi- 
iently far advanced to be diagnosed on gross examination of the fixed tissues. The char- 
cter and distribution of the changes did not resemble that usually seen in silicosis among 
iiners and others who have died after prolonged exposures. This silicosis was characterized : 
1) by masses of small nodules embedded in broad sheets of fibrous tissue surrounding the 
tulmonary lymphatics instead of isolated conglomerate nodules along the trunks and in the 
sulmonary parenchyma; (2) by a generalized fibrous thickening of the alveolar walls, which 
s generally considered to be a late manifestation; and (3) by the absence or only slight 
nvolvement of the mediastinal lymph nodes which are usually replaced by fibrosis before 
xtensive changes appear in the lung. These differences were interpreted as due to the in- 
halation of such excessive amounts of fine dust that little of it could be eliminated by the 


lymphatics. In most cases the tuberculous complication was so acute that it probably 


developed after the reaction to the dust was well established, and thus failed to influence 
the picture greatly. 

The acuteness of the infection was explained by the fact that the majority of the 
men were young negroes with presumably little immunity to tuberculosis. Although there 
s histologie evidence of silicosis, atypical in character, it seems doubtful whether there is 
justification for describing the process as ‘‘acute.’’ At least this should only be done after 
serial roentgenograms together with postmortem examinations have demonstrated the outcome 
of the allegedly heavy exposures to silica. The difficulty in properly evaluating the element 
of infection in the tissues suggests the need for caution in the interpretation of roentgeno 


grams. 


SILICOSIS, Silica Content of Lungs of a Group of Tunnel Workers, Smith, C. S., and 
Wikoff, H. Am. J. Pub. Health 23: 1250, 1933. 


The lungs of 9 workmen engaged in the same tunnel project have been analyzed. 

There is a striking correlation between the per cent SiO, in the dried lung substance and 
the severity of silicosis as determined histologically. 

The per cent SiO, in the dried lung substance is a better criterion of the intensity of 


silicosis than is the per cent of silica in the total ash. 


BLOOD, Is Halometry Reliable? Chaudhuri, H. P. Indian J. M. Research 21: 315, 1933. 


From an extensive statistical and comparative study, it is concluded that the halometric 


determination of the size of erythrocytes furnishes reliable data. 











REVIEWS 


Books and Monographs for Review should be sent direct to the Editor, 
Dr. Warren T. Vaughan, Professional Building, Richmond, Va. 


An Outline of Immunity* 


A* THE author pertinently remarks in his Preface, there is probably no subject in a lk 

satisfactory position than that labeled ‘*Immunity.’’ ‘A hybrid creature, not quite su 
of its true affiliations; wandering uneasily between the Departments of Pathology, Ba 
teriology, and Hygiene; at times attempting to set up a house all by itself; a vigorous infa: 
among the sciences, just rising fifty vears, like most young and vigorous things, it is 
little uncertain in its movements, a little confused in its mind, and at times more than 
little incoherent in its speech.’? 

Few who are familiar with tie many, and at times not a little startling developmen 
in the field of immunity within comparatively recent times, will deny the aptness of Professor 
Topley’s characterization of his subject. That he has been able to present as clear and as 
comprehensive a survey of so complicated a subject as he has given in the present volume 
is a matter upon which the medical profession may well congratulate him and _ itself. 

This is a book which should prove of inestimable value not only to the student and 
laboratory worker, but to the physician at large who, obliged almost daily to utilize thie 
phenomena of immunity in the treatment and prophylaxis of disease, is obliged also to do so 
often without clear apprehension of the principles involved and their practical application. 

In the twenty-one chapters of this volume the present concepts of immunity are re 
viewed, summarized, and correlated in a comprehensive and authoritative way. The book, 
far from being abstruse and concerned with hypothesis, is eminently practical in its ontlook 
and consistently concerned with the practical aspects of immunity as related to the prophylaxis 
and treatment of disease. 

An excellent feature is the succinet yet clear summary at the end of each chapter 
which, together with the excellent index, renders the contents of the volume readily accessible. 

This book may be highly recommended as serving a useful purpose and as presenting 


a highly practical survey of an important and complicated subject. 


Coccidia and Coccidiosis; 


| pasties. in their relation to disease in animals and man, have attracted attention in 

many and diverse fields as witnessed by the numerous papers concerning coccidiosis 
which have appeared in journals of various types. 

This field, however, is a highly specialized one, the literature of which is so widely 
seattered as to be almost inaccessible to even the specialist with good library facilities. 

This monograph, therefore. serves a most useful purpose in bringing together under 
one cover descriptions and illustrations of the different coccidia found in various hosts and 
presents, in addition, the results of investigations in th study of ‘*host-parasite-relation 
ships. ’’ 


*An Outline of Immunitv. By W. W. C. Topley, Professor of Bacteriology and Immunol- 
ogy, University of London. Cloth, pp. 415, 37 figures, 68 tables. William Wood & Co., Balti- 
more, Mad. 

FCoceidia and Coecidiosis of Domesticated, Gram, and Laboratory Animals, and of M 
Ry Flery R. Becker, D.Se.,. Associate Professor of Protozoology, lowa State College. Cloth, pp. 
1 


7, 25 figures, Collegiate Press. Ames, lowa. 
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Throughout the book much attention has been paid to discussions of those phases of 
weidiosis which have beep the subject of misconception in the past, such as host specificity, 
ie nature of species, the relationship to disease, immunity, methods of reducing infection, 
d the tolerance of the oocysts. 

There are numerous illustrations and an appendix on technic together with an extensive 
bliographie index and a general index render the contents of the book readily accessible. 

To the biologist, the pathologist, the practitioner, and the breeder, this book should 
of interest and value as correlating in a systematic manner the present information avail- 


le concerning a subject about which there has been much confusion in the past. 


Recent Advances in Vaccine and Serum Therapy* 


[HE purpose of this book is to survey the present state of knowledge regarding the em- 
~ ployment of vaccines and sera in the prevention and treatment of disease. 

Few will deny that there has been and still is more or less clinical confusion in this 

ld and the present volume is, therefore, not only timely but fills, as well, a place long 
ipty in the physician’s reference library. 

The book is divided into two parts. Part I, written by Dr. Petrie, is concerned with 
prevention and treatment of disease by means of sera and with the specific prophylaxis 
id treatment of virus diseases in man and animals. 

Part II, written by Professor Fleming, surveys the prevention and treatment of disease 

means of vaccines. 

An extraordinary amount of work has been done in both these fields, and the physician, 
iboratory worker, and student here finds it admirably surveyed and correlated. 

The authors have not been satisfied merely to list or abstract the numerous investiga 
tions which .have influenced present concepts in these fields, but present them in the light of 
their own experience, as a coherent and authoritative story, well conceived and well written. 

The list of references presented at the end of each chapter evidences a careful and 
ainstaking review of the literature and the extensive subject index as well as a complete 
and separate author index render the contents of the book readily accessible, 

This volume should be on the reference shelf of every worker interested in this field and 
may be classed as indispensable for the physician who desires to utilize either sera or vaccines 
in an intelligent manner. 

It may confidently be accepted as a valuable as well as highly practienl reference work 


in this important field and recommended without reserve to the practicing physicinn, 


Manual of Determinative Bacteriology; 


HE Manual of Determinative Bacteriology sponsored by the Society of American Bae 
teriologists and edited by Dr. Bergey has long been indispensable to clinical and bae 
teriologic laboratories and requires neither introduction nor labored comment. 
This new fourth edition is enlarged by nearly 100) pages by amplification in’ the 
description of species and by the addition of about 50 species and one new genus. 
Despite the thorough revision and the increased size of the book the price is unchanged. 


Were it twice as much the book would still be invaluable. 


*Recent Advances in Vaccine and Serum Therapy. By Alexander Fleming, Professor of 


Bacteriology, University of London, and G. F. Petrie, Bacteriologist-in-Charge, Serum Depart- 
ment, Pasteur Institute, Elstree. Cloth, pp. 465, 5 illustrations. IP. Blakiston’s Son and Co., 
Philadelphia, Pa. 

*Manual of Determinative Bacteriology. By David H. Bergey. Cloth, pp. 664. 0 Fourth 


tion. Williams & Wilkins Co., Baltimore, Md. 











1354 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


Practical Methods in Biochemistry* 


HILE intended primarily for medical students this manual should also prove usef 

to the physician, not only as a technical manual, but also as a work of reference co 
cerning the principles and methods of biochemistry which now occupy so prominent a pla 
in the practice of medicine. 

The style is clear, simple, and easily understandable and the volume may be reco 


mended as a comprehensive and reliable guide. 


A Textbook of Bacteriologyt 


EW textbooks of bacteriology have attained a more lasting or more deserved populari 
than that of Hiss and Zinsser, the new seventh edition of which, prepared by Zinsser aid 
Bayne-Jones and dedicated to the memory of Dr. Hiss, now makes its appearance. 

So miliar is this excellent text as a comprehensive and authoritative presentation 
this subject that little need be said by way of introduction. 

While extensively revised and in many ways rewritten, the original purpose of 
book has been maintained, to present not only a treatise on the fundamental laws and technic 
of bacteriology, as illustrated by their application to the study of pathogenic bacteria, | 
also to serve as a manual of infectious diseases. 

The scope of the work is indicated by the titles of the nine main sections into which 
it is divided: Part I, The General Biology of Bacteria and the General Methods of Bau 
teriology; II, Infection and Immunity; III, Pathogenic Microorganisms; IV, The Rikettsia 
Diseases; V, The Spirochetes; VI, Medical Mycology: Molds, Yeasts, Actinomycetes, and 
Pathogenic Fungi; VII, Diseases Caused by Ultramiecruseopic Viruses, the Exanthemata, and 
Diseases of Uncertain Etiology; VIII, Outline of Diagnostic Methods of Medical Protozoology ; 
IX, Technical Methods of Bacteriology, Immunology, and Serology. 

The revision has been thorough and extensive and embodies consideration of all the 
many and marked advances which have been made within the last ten years in the field of 
bacteriology and immunology and includes a discussion of the contributions made in 1933 and 
the early part of 1934. 

As before, the book constitutes an outstanding contribution in this field and one without 
which no reference library can be complete. 

It can be enthusiastically recommended without reserve and, without doubt, will receive 


the same general approval as its predecessors. 


*Practical Methods in Bacteriology. By F. C. Koch, Professor of Physiological Chem- 
istry, University of Chicago, Cloth, pp. 282. 17 figures. William) Wood & Co., Baltimore, Md. 

tA Textbook of Bacteriology. By Hanz Zinsser, M. D., Professor of Bacteriology and Im- 
munology, Harvard University: »-nd Stanhope Bayne-Jones, M.D., Professor of Bacteriolo 
Yale University Medical School. Ed. 7, cloth, pp. 1226, 174 illustrations. D. Appleton-Centu 
Co., New York. 
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EDITORIALS 


Barnacles 


UMAN psychology perhaps to some extent may be reflected in its prov- 

erbs so that the time-worn sayings concerning the silver lining and the 
ill wind that, despite itself, blows some one some good all may justify the dictum 
that *‘hope springs eternal in the human breast.’’ 

Certain it is that not infrequently in the history. of civilization great 
catastrophes, extraordinary plagues and similar events, regarded at the time 
as erushing and devastating blows to fortune, have been instead the starting 
points for tremendous advances and discoveries and have initiated a cycle of 
events productive of far-reaching benefits to humanity. 

If history, as it is reputed to do, again repeats itself, perhaps the de- 
pression into whieh the world at large has been plunged for some years past 





and from which it shows faint but indubitable signs of beginning to emerge, 
may in its turn be productive of direct and indirect benefits. 
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It was inevitable under the circumstances that the social world should. y 
the face of its apparent collapse, take stock of the mechanism which holds 
together and, as it were, makes it go; and very naturally medicine, in which 
term is included all that has to do with the management and control of « 
ease and its congeners, has not escaped a critical glance. 

Community responsibility for the care of the sick is an essential part 
the development of civilization, for the discharge of which a huge structure | 
developed, ranking in importa ce, not only because of its essential necess 
but also because of its econom.e magnitude and ramifications, with any of 
those of which modern civilization can boast. 

Ifospitals are an integral part of this strueture and, althoueh not « 
monly regarded as ‘* Big Business,’’ properly belong in this category ; for 
seven. thousand hospitals in the United States in round figures represen 
capital investment of more than three billions of dollars, a capital sum 
ceeded by but few of the great industries. 

It is entirely probable that there is little general appreciation of the f 
that the average one hundred bed hospital represents an average capital 
vestment of one million dollars and that the average investment per bed in 
cordance with the size and type of hospital, for acute or chronie diseases or 
including research facilities, varies from $2,500 to more than $10,000. 

On the basis of the investment involved hospitals must be rewarded as a 
business, ‘Bie’ Business.’’ the business of medical care, and the fact that this 
business ship within recent vears has been laboring rather heavily in a heavy. 
stormy economic sea, as it were, has focussed attention upon this structure 
and the proposal by many individuals and greups of various measures to allay 
the storm and set the vessel cnce more cn an even keel, 


Oceans of ink nave already been spilled in the discussion of what. has 


popularly become familiar as **the cost of medical care’? and the end of the 


avalanche of words and windy dispute is far from near, ner will it be found 
herein, for the subject is not to’ be dismissed within the limits of an editorial. 


Nor is any discussion here intended of the relation of hospital costs to the 


veneral costs of illness, important as it is. Those are matters deserving abler 
pens; these are but casual observations. 

Above, the hospital structure with a striking lack of originality has been 
likened to a ship and a meager acquaintance with matters nautical—eathered. 
it must be confessed, from perusal of such authorities as Marryatt, the varied 
tales of Conrad, Moby Dick, and the reading (repeatedly) of Treasure [sland 
allow us to state with some confidence that when the good ship no longer 
shows her accustomed speed but, instead, merely lumbers alone, wallowing 
uneracefully, the scraping from the bottom of barnacles and accumulated 
débris was a very common custom apparently productive of the desired result. 

Can it be that hospitals in the course of time have accumulated any 
barnacles?) Can it be that this huge structure has drawn te itself by eustom 
or habit any aceretions not perhaps essential per se to its efficiency or existence 


) 


The business of hospitals, as already said, is the business of medieal care 


and hence indissolubly associated with the practice of medicine and the physi 
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n. And physicians of late have had it brought rather foreibly to their at- 
ition that to some extent, varying under different circumstances and in dif- 
ent localities, the practice of medicine seems to have passed or to be passing 
m the hands of the physician into the hands cf the hospital. 

Now, while it has been possible in the past, and is still possible in the 
‘sent, to carry on the business of taking care of the sick without the hos- 
al, it is perhaps sometimes minimized if not overlooked that the hospital 
thout the physician is rather a helpless if not useless institution. It is con- 
vable that there are hospital boards and perhaps, even superintendents to 
om such an idea would appear preposterous, and it is net strange that this 
uld be so when one pauses to consider how little, relatively speaking, the 
ysician has to do with the running of hospitals. 

True, as a dispensary worker he gives untold hours of his time freely and 
ihout remuneration to the care of patients, not a few of whom are without 
ral right or justification for such free treatment, and after often a lenethy 
iod of service in this capacity, he graduates to the dispensing of free care 
der like circumstances in the wards, and sometimes, as at present, there 
ines some vague wonderment as to just how all this came about and whether 
‘not he may not thereby be committing a sort of slow economic hara-kiri. 

If, as is not at all beyond the bounds of possibility, the practice of medicine 
to become a function of the social organization either permanently or tem- 
rarily until such time as the futility of such a program, despite its theoretical 

advantages, becomes evident in practice, the physician may well wonder just 
viat place will be his in relation to the hospital. 


Although the business of the hospital is the business of takine care of 


the sick, the physician is seldom indeed found directing its destiny in that 


respect, for custom seems to have decreed that hospital superintendents are 
most often graduate nurses. Just why this should be so; what basis there is 
for assuming that the training of a nurse implies executive ability or the 
ability to supervise rather than to assist in the care of the sick, is, it must be 
confessed, somewhat difficult to ascertain. 

Yet the fact remains that perhaps a majority of hospitals of average size 
have nurses as superintendents, not infrequently directing the Board of Man- 
agers as well as the hospital and casting a supervisory eye over the activities 
of the staff. And, as some eynie once remarked: Ilospitals are sometimes 
inismanaged because they are Miss managed. 

If. in his extremity, the physician turns to the field of anesthesia, cer- 
tainly an important one, properly a specialty of medicine and so largely re- 
varded in Eneland, here, too, he finds the nurse rather firmly ensconced, 

There is no place for him on the Board of Managers, for it is only very 
recently that Staff representation has been granted as a favor. 

Ile may stronely suspect that this or that free patient is well able to pay 
for treatment and belongs in the doctor’s office rather than the dispensary, 
but the nurse or the lay social service worker has decreed otherwise, and 


that’s that! 
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He finds himself arraigned and accused of grave responsibility for + 
high costs of medical care, and finds it somewhat difficult to reconcile the 
cusation with the fact that the money earmarked for payment of his bill |. ; 
been swallowed up in payment of the hospital’s. 

And as the economic storm rages about him, he finds himself working 
the hospital, carrying on the practice of medicine for it and nourish 
thereby a host of lay personnel. Neither skipper, mate, nor even bos’n, sm 
wonder that he wonders whether it were not better to be merely anot 


barnaele. 


—R. A. K. 


The Anemia of Pregnancy 


HILE the fact that pregnaney may be accompanied by a varying degree 

of secondary anemia is more or less commonly recognized, it is only 
within recent times that, possibly as an aftermath of studies in prenatal care, 
much attention has been paid to its presence or much effort expended upon 
the determination of its degree. 

We refer, not to the severe hemolytic anemia, sometimes spoken of as 
the pernicious anemia of pregnancy, but to the definite secondary, though sot 
always marked anemia which seems to be the result of pregnancy per se. 

The pernicious or hemolytic anemia of pregnancy is encountered during 
the later months of pregnancy and the puerperium. Insidious in onset, it may 
reach a marked degree without the production of marked symptoms and thus 
may escape detection until attention is drawn to it by symptoms closely re- 
sembling those seen in true pernicious anemia. 

The hemolytic anemia of pregnancy is the result of the action of a syncytial 
hemolysin arising in the ectodermal cells of the chorion. Under normal con- 
ditions as pregnancy progresses an antihemolysin is formed in the maternal 
blood but when, for any reason, its formation is inhibited, the hemolytic 
anemia of pregnancy is the result. 

Fortunately, in view of its rather high mortality, this form of anemia in 
pregnancy is rather uncommon. 

The less marked but still definite secondary anemia of pregnancy, on the 
other hand, is very common and of definite significance although often over- 


looked when cytologic examinations of the blood are neglected as a part of the 


prenatal survey. 

The findings of practically all observers who have reported upon this sub- 
ject present a remarkable conformity. 

Bland and Goldstein,’ in a study of 50 cases, found a hemoglobin content 
ranging from 42 to 78 per cent (Dare) and erythrocyte counts of from 2.56 
to 3.98 million cells per cubic millimeter. 

In a second study of 300 cases, 100 being private cases, Bland, Goldstein 
and First,.? found red cell counts below 3.5 million in 33.3 per cent of cases 
during the first two trimesters of pregnancy, 55.7 per cent in the third tri- 


mester, and 26 per cent during labor. 
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Galloway* in a study of 382 cases found average hemoglobin values (Sahli) 
73, 69, and 66 per cent for the first, second, and third trimesters respeec- 
ely, and erythrocyte counts of 4.05, 3.94, and 3.87 millions per cubic milli- 
ter evidencing both a chlorotic type of anemia as well as a definite progres- 
nas the pregnancy advanced. 

Practically the same findings are reported by Kilduffe* in 300 cases as 
wn in Table I. 


TABLE I 


DURATION OF AVERAGE HB. AVERAGE R.B.C. 
PREGNANCY, NO. (ILADEN ) MILLIONS PER 
MONTHS GM. PER CENT Cc. MM. 
1-3 : 10.07 
4-6 y 9.95 
7 9 216 9.10 


[It is unnecessary to cite the many other studies available, as all present 
mparable findings so that it may be accepted as proved that an anemia 
vondary to pregnancy per se is present in from 50 to 60 per cent of all 
ses, Which shows a tendeney to be somewhat chlorotic in type and a definite 
idency to progress pari passu with the progression of the pregnancy. 

The mechanism responsible for its production has been the subject of 
ich discussion, many different theories having been advanced, none of 
hich, however, have been definitely proved. 

Thus, it has been attributed to hydremia producing a decreased iron 

content of the corpuscles, which would account for its chlorotic type; to 


poor hygiene or the presence of such diseases as nephritis, syphilis, and tuber- 


culosis; to the continuation of a preexisting anemia; to focal infections; and 
to the expression of an ‘‘individual disposition’’ in accordance with the gen- 
eral physical well-being of the individual patient. 

As stated, however, none of these conceptions has been susceptible of 
clear-cut, definite or indisputable proof. 

The possible relation of this secondary anemia of pregnancy to the pres- 
enee of the syneytial hemolysin held to be responsible for the hemolytic 
anemia mentioned above but inhibited in the case of the secondary by the 
later production of an antihemolysin is one of the oldest theories but, like 
all the others, still remains but a theory while its occurrence in the higher 
classes of patients, usually seen as private cases, robs environment factors of 
all significance. 

Many investigators of this question assert that the anemia spontaneously 
disappears after delivery but many others are unable to find conclusive evi- 
dence of the correctness of this contention. 

The matter still remains a problem awaiting solution, the present status 
of which may be thus summarized: 

1. Pregnancy, per se, produces a secondary anemia somewhat chlorotic 
in type which progresses pari passu with the progression of preenaney. 

2. No satisfactory or demonstrable etiologic mechanism has yet been 


found, 
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3. In view of these facets, evtologic blood studies should be a part 
routine prenatal care. 

4. All patients with a hemoglobin below 75 per cent and erythroe 
counts under 3.5 million should be particularly observed and = therapet 
measures instituted immediately upon the discovery of the deficieney. It \s 
advisable also that such patients be watched for several months after 


livery tor evidence of bone marrow changes. 
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CORRESPONDENCE 


Ancther Simple Rctary Incculating Table 
To the Editor: 


Whether one has many or few Petri plates to stroke, a rotary table gives very sat 
factory results and is a great convenience, 

Quite a number of designs of such a piece of apparatus have appeared in the res 
literature, requiring for coustruction the services of anyone from a blacksmith to a Sw 
watchmaker. 

We have found that the simplest and most satisfactory method of constructing su 
uo machine is to take a two-dollar bill and go out and buy an old discarded portable Vietro 

Since the advent of Radio, one can sometimes get two dollar« for taking the machine awa 
If the reader cannot improvise from several old’ records (** She Knows Her Onions’? or **On 
the Beach at Waikiki’* preferred) and some thumb tacks, 2 means of holding the Petri | 
on the revolving turntable, he should not be trusted with a platinum loop. With the brake 
the speed may be adjusted to suit the bacteriologist ’s artistic temperament. 


We have used our machine for four or five vears with utter satisfaction. 


Exic A. FENNEL, M.D. 
Hlononene, TAWA, APRIL TO, 1954. 
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quences of, 


method of recording 


system and 
manometer, 
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Centrifuge method for the determination of the 
volume of cells in blood, 757 
Cerebrospinal fluids, M.K.R. in, a new syphilis 
reaction, 51S 
Cervical mucus, variations of solubility of, in 
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Chleride concentration in blood 
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total nonprotein nitrogen and, 474 
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Cholelithiasis, stomach lavage of patients with, 
crystalline elements in, 959 
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Chronic myelosis in children, 713 
Cisternal drainage, pneumococcic 
with recovery following, 
case of, 1139 (Abst.) 
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Cold, common, 333 (B. Rev.) 
Colds, common, nasopharyngeal flora and some 
remarks as to their relation to, S77 
Colloidal and ecrystalloidal metallic compounds 
in nutritional anemia of rat, effect of 
various, 1083 
carbon solutions, 
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gold test, 
lead compounds, 
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rapid, for multiple determinations of uric 
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Complement fixation test for 
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and sudden death, 1272 
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Dermatology, history 
Device, pipette washing, $ 
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Dog-operating table, 1117 
Drainage of ascites, observations 
response to, 94S 
Drinking fountain, improved, for small labora- 


on vasculal 


tory animals, 312 

Dropper for performance of fragility test of 
red blood corpuscles, wed 

Duodenal pouches, a method of prenering, for 
use in experimental work, 1126 

Dysentery, amebice, unusual experience with, 
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Kagle antigens for Wassermann and floccula- 
tion tests, a study of, S4 

Ikdema, thrombophlebitic, effect of salyrgan 


and on rate of disappearance of, 
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Keditorial Anemia of 
Barnacles, 55 
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pregnancy, D358 


Developments in the study of agglutinins, 
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Epidemiology of amebic infection, TO5 

erythrocyte diameters, 335 

Have hospitals attained a standard of medi- 
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Hazards of statistical interpretation, 914 

Hyperinsulinism, 222 

Laboratory diagnosis of undulant fever, 
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bacilli, 440 CAbst.) 
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organisms of, 75 
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recording, 1105 
embolism and thrombosis of large branches of 
the pulmonary artery in heart disease, 
PHD 
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study of 
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the sex hormones, 


Some 


cellular multiplication, GSO 
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Mevpt, causative 
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Endo medium, nature of reaction of colon or- 
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endocarditis, subacute bacterial significance 


of streptococci that resemble diphthe- 
roids recovered from blood cultures in, 
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Iinteritis, acute, in infants and young children, 
1248S ( Abst.) 
polytropous, 909 (Abst.) 
Kosinophilia, induction of, in normal animals 
909 (Abst.) 
reflex, 486 


Kpidemiology of amebic infection, 795 (FE) 


of pneumonia, 675 (Abst.) 
of syphilis, history and, 447 (B. Rev.) 
Ispithelial cysts of the skin tissue, traumatic, 
1250 ¢Abst.) 
lirgebnisse det medizinischen Strahlenfor- 
schung, 1027 (RB. Rev.) 
Iirgometer, recording  electrodynamic brake 
bievele, 1105 
Ierysipeloid among workers in » bene’ button 
factory due to the bacillus of swine 


erysipelas, 1021 ( Abst.) 
erythrocyte diameters, 335 (Te) 
normal, hemoglobin and packed cell volume 
standards in young men, S51 
production of, reticulocytes, and hemoglobin 
in anemia, 907 (Abst.) 
Iethyl alcohol in brain. estimation of, 
kkxperimental studies on  nembutal 
barbital-sodium), 73S 
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Feces, 4 convenient specimen container, 32S 
(A\bst.) 

Fermentation tubes, Smith. and ‘“‘U"' tubes, 
special rack for, 553 

Fibrinogen, quantitative determination of, in 
blood, 906 ( Abst.) 

Filter, light, for microblood sugar determina- 
tions, G67 

Filterable virus diseases in man, 221 (B. Rev.) 

Filtering index, light. of blood serum, 705 

Filtrate sulphosalicyvlic »cid—note on the de- 
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Filtration, bacterial, simplifying the mechanics 
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Fistula, auriculopericardial, dynamic conse 
quences of, 1091 

Flocculation test, study of Eagle antigens fo 


Wassermann test and, S4 
Vernes, in tuberculosis, 905 
tests for syphilis, 558 (Abst.) 
Fluid, spinal, sugar determinations in 
mental hypoglycemia of 
Food allergy as a common problem, 53 
Food-borne infections and intoxications, 91: 
(B. Rev.) 
Fragility test of red 
per for performance 
Friedman rabbit ovulation test in differenti:n! 
obstetric diagnosis, 1033 
for pregnancy, observations 
technic of, 2 
sections, 
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Functional studies of 
medication, 24 
Fungicidal power of phenol derivatives, 1216 
Fusospirocheta oral spirochetes and 
related organisms in, 109 (B. Rev.) 
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experi- 
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patients on antiarthritic 
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ialactose in differential diagnosis of jaundice, 


use of, 151 

Gallbladder and bile ducts, bilirubin in, con 
centration and precipitation of, 3827 
(Abst. ) 

Gastric acidity in thyroid dysfunction, 90% 
(Abst.) 

examination in pulmonary tuberculosis with 

negative sputum examination, t41 
( Abst.) 

Gastroenterology, modern aspects of, 221 (3B 
Rev.) 

Giastrointestinal tract, absorption of dextross 
from the human, 1286 

Gienitourinary tract, penetration of an anti- 
septic dye into tissues of, demonstre - 
tion of, T35 

Glucose, given orally and intraduodenally, 


comparison of blood sugar curves 
when, 60S 
ingestion, blood following, 
urea, total nonprotein nitrogen, and 
chloride concentration, 474 
Glutathione content of blood in chronic arthri- 


tis and rheumatoid conditions, 1151 


variations of 


Gold test, Lange colloidal, 2 modification of, 
1007 
Gonococci, cultivation of, 557 (Abst.) 
preparation of correct picture and = simple 
culture method of, 1139 (Abst.) 
Gram property of acid-fast form of tubercle 
bacillus, 350 
stain of Much, modified, 422 
Granular and floccular types of agglutination 
with B. typhosus, a study of, 225 
Granuloma inguinale, further studies on etiol- 
ogy of, 910 (Abst.) 
(iranulopenia, etiology of, 799 
Growth hormone, the inactivation of, 63 


Guinea pigs inoculated with B. abortus, intra- 


cutaneous reactions induced in, 5S 
metabolic rate in, simple and inexpensive 
apparatus for determination of, 540 
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purification of, 325 
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tericidal and fungicidal action of, and 
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Handbuch der biologischen Arbeitsmethoden, 
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der Chemotherapie, 1028S (B. Rev.) 
Hay fever, perennial treatment of, 4S1 
Heart disease, blood catalase in, 133 
criteria for the classification and diagnosis 
of, 109 (B. Rev.) 
embolism and thrombosis of large branches 
of pulmonary artery in, 265 
stroke volume of, determination of, 994 
Hemoglobin and blood cell relations as deter- 
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methods, SS6 
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Hemoglobin, Cont'd 
content of blood in infants, 107 (Abst.) 
elinical study of blood iron and, 362 
determination of, by iron content methoxc 
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in the adolescent male, a study of the red 
blood cell count and, 172 
normal erythroeyte and packed cell volume 
standards in young men, S51 
production of, erythrocytes and reticulocytes 
in anemia, 907 (Abst.) 
relation of blood glutathione to, and amount 
of red cells, 395 
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(Abst.) 
Hemolysin, antisheep, production of, a new 
method for, 666 
Hemolytic properties of streptococci mastitis, 
1347 (Abst.) 
streptococci isolated from 
smallpox, studies on, 2S0 
jemorrhagie smallpox, hemolytic streptococci 
isolated from, studies on, 2S0 
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ance tests for, clinical values of, 442 
(A\bst.) 
Hill’s radiopaque 
lumina, a modification of, 
Histochemical studies of organs of tumor- 
bearing rats by the microincineration 
method 1293 
Histopathology of the peripheral and central 
nervous systems, 220 (BB. Rev ) 
Hodgkin's disease, a probable unusual case of, 
G25 
Hormone diagnosis of viability of pregnancy, 
G74 (Abst.) 
growth, the inactivation of, 65. 404 
Hormones, sex, some pitfalls in the study of, 
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Hospital routine, demonstration of tubercle 
bacilli for use in, an evaluation of 
three methods for, 429 
Hospitals attained a standard of mediocrity, 
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Human body, measurement of potentials on, 
an improved electrode for, 1254 
mind, a view of, and how it works, 220 
(Bb. Rev.) 
Hvdatidiform mole, differentiation of 
nancy and, 216 (Abst.) 
Hydrogen ion concentration, determination of, 
of normal and malignant tissues with 
the glass electrode and vacuum tube 
null indicator, 11€0 
peroxide, use of, in quantitative estimation 

of bilirubin in bile, 745 

Hydrolyzed adrenalin as a tissue stain, on the 
importance of, 954 

Hyperglycemia, hypertension, obesity and, 441 
(Abst.) 

Hyperinsulinism, 222 (1) 

Hyperplasia, thymic, follow-up study of 30 
cases of, 1246 ( Abst.) 

Hyperpyrexie, effect of, upon phosphorus par- 
tition of whole blood in paresis, 1045 

Hypersensitivity to tobacco, recent immuno- 
logic studies in, 793 (Abst.) 

Hypertension, obesity and hyperglycemia, 441 
(Abst.) 

ivperthyroidism, blood studies in, 371 

Ivpoglycemia of dogs, spinal fluid sugar de- 
terminations in experimental, 1049 
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Immune blood, pathogenic bacteria in, growth 
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Immunity, an outline of, 1352 (B. Rev.) 

Immunization, typhoid and paratyphoid, ag- 
glutinin content of blood following, 445 
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Incubation, maintaining water and air balance 
during prolonged, S99 

Incubator, an improvised bacteriologic, 1098 
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1248 (Abst.) 
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Inguinal glands in human syphilis, transfer- 
ence of, 1249 (Abst.) 
Inoculating table, another simple rotary, 1360 
(Correspondence ) 
simple rotary, 66S 
Insulin, gauging the dose of, 1175 
resistance in diabetes, 1021 (Abst.) 
Intestinal flora during oral administration, a 
study of, 46S 
parasites, relative incidence of, in hospital 
patients in Nashville and in rural 
Tennessee, 113 
Intoxications, food-borne infections and, 915 
(B. Rev.) 
Intracellular structures in monocytes in cases 
of malignant disease, 917 
Intracutaneous reactions induced in guinen 
pigs inoculated with P. abortus, 5S0 
Intradermal test, Bachman, in humen trichino- 
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in diagnosis of trichiniasis, use of, 1549 
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Intravenous administration, continuous, of 
fluid, a practical method for, 76S 
lethal doses of amytal in dog and. rabbit 

and table of animal dosages compiled 
from literature, 1191 
vaccination with streptococei, 90S (Abst.) 
lodine content, normal, of human blood, SIS 
improved micromethod for estimating, 557 
(Abst.) 
studies, blood, SIS, S96 
lron and oxygen capacity methods, hemo- 
globin and blood cell relations as de- 
termined by, SS6 
content method, determination of 
globin by, 406 


hemeo- 


J 
Jaundice, catarrhal, liver function in, 791 
( Abst.) 
differential diagnosis, use of galactose in, 
311 


Ix 


Nahn and Wassermann reactions upon spinal 
fluid in treated and untreated cases of 
paresis, a comparison of, 546 

Kolmer-Wassermann, and Rosenthal tests 
for syphilis, comparison of, 1337 
reaction in tropics, WKolmer and Meinicke, 

7sS0 

Kidney, renal function in persons with one, 

329 (Abst.) 

reactions — in 

Meinicke, TSO 

IKolmer-Wassermann, Kahn, and Rosenthal 
tests for syphilis, Comparison of, 1337 

IXKrebs, seine Entstehung und Erkliirung, 911 
(B. Rev.) 

Krogh type of spirometer for studying the 
respiration of rabbits, a method of 
damping, 135 

Kuttner-Lichtenstein microcolorimetric method 
for the determination of organic 
phosphorus, 1012 


IXolmet tropics, Kahn and 


L, 


Luaboratory animals, improved drinking foun- 
tain for small, 312 
diagnosis of undulant fever, 1029 (1) 
Lange colloidal gold test, a modification of, 
1007 
Lavage, stomach, crystalline elements in, of 
patients with cholelithiasis, 959 
Laxative activity of phenolphthalein, value of 
the monkey for the study of, especially 
in comparing different samples of the 
drug, 1218 
Lead, behavior of, in animal organism, 178 
poisoning of wild ducks, a study of punctate 
stippling as found in, 514 
Leucemia, monocytic, 1250 (Abst. ) 

Leucemic reticulo-endotheliosis, 1250 (Abst.) 
Leucocyte count in) pulmonary” tuberculosis, 
effect of exercise on, 4483 (Abst.) 
Leucocytes, unusual hematologic renetion to 
neoarsphenamine, 675 (CAbst.) 
Leucopenia, infectious, an unusual form of, 

344 


Light filter for microblood sugar determina- 
tions, a simple, 667 
filtering index of blood serum, 705 
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Lipoid content of blood, observations upon the 
Lipokrit method for the determination 
of, 411 
method, 
determination 
blood, 411 
function, an 
dextrose tolerance 
galactose tolerance as a 
( Abst.) 
in advanced pulmonary 
in catarrhal jaundice, 791 (Abst.) 
urinary test index of absorption 
gallbladder dye when given orally 
(Abst.) 
macrocytic anemia in disease of, 1022 (Abst.) 
silver nitrate reaction and its applicability 
to diagnosis of diseases of, 905 (Abst.) 
anesthetics, detection of, in urine and 
in tissues, Diazo reaction for, 101S 
studies in the pharmacology of, 120 
Lobat pneumonia, epidemiology of, 
(Abst.) 
relation of pneumococcus chain formation 
to prognosis in, 1156 
Lumina, Hill's radiopaque mass for injection 
of, 2 modification of, 1241 
primary carcinoma of, 676 (CAbst.) 
silica content of, of a group of tunnel 
workers, 1351 (Abst.) 


the 


of 


upon, for 
content 


Lipokrit observations 

of the lipoid 
modified 

(Abst.) 


of, 217 


appraisal of the 
tests, 105 
measure 


Liver 
tuberculosis, 794 


of 
219 


as 


Local 


1145 


Lung, 
Lungs, 


M 
Macrocytic anemia in disease of liver, 1022 
(Abst.) 
Macropolyeyte, 453 
Maggot production 
paratus and 
Maggots, sterile, for 
low temperature 
of, GS%s 
surgical, in treatment of infected 
330 
pyogenic bacteria in 
implanted in infected 
tion of, 581 
Malaria, method of making slide smears from 
female anopheles, 556 (Abst. ) 
antigen for Henry's’ reaction, 
(Abst.) 
vital stuining of mitochondria in, 905 (Abst.) 
Malignant disexase, monocytes in cases of, in- 
tracellular structures in, 917 
Manometer, permanent type water, an auto- 
matie-filling ink recording system and, 
1342 
Media, bacterial culture. 
filtration to rapid 
195 
Medical dictionary, 
secretary, 110 (B. Rev.) 
Medicine, clinical, a system 
of the American Indian, 1 
preventive, outline of, 109 (B. 
Mediocrity, standard of, have 
tained, 1251 (I) 
Meinicke reactions in 
Kahn, 780 
Meningitis, lactic 
(Abst.) 
pneumococcic, report 
covery following 
139 ( Abst.) 
Meningococci, rough and smooth variants 
stock cultures of, 21S (Abst.) 
variation in agglutination of stock 
of, 21S (Abst.) 
Menstrual cycle, variations of 
cervical mucus in relation 
Metabolic rate in guinea pigs, a 
inexpensive apparatus for 
tion of. 540 
Metabolism, alpha dinitrophenol 
fluence upon, 1: 
basal, of old people, 
eage for rats, 669 
small animal, 1135 
ealeium and calcium 
nitrogen, 925 
Metallic compounds, effect of various colloidal 
and crystalloidal, in nutritional anemia 
of rat, 1085 
mechanies of spleen visualization by means 
in particular thorium, 511 


research, recent 
methods in, 539 
surgical use, 
retardation 


and ap- 


effects of 
in culture 


wounds, 


tract of, 
destruc- 


alimentary 
wounds, 


new 10255 


an adaptation of sand 
clearing of heavy, 


Stedman's, 1028 (B. Rev.) 


of, 912 (B. Rev.) 


Rev.) 


hospitals at- 


tropics, Kolmer and 


acid of spinal fluid in, 219 


with re- 
drainage, 


of a case of, 
cisternal 
in 
cultures 
solubility of 
to, 45S 
simple and 
determina - 
in- 


and its 


therapy, 109 (B. Rev.) 


T 


INDEX 


Metaplastic changes in the prostate gland, 30 

Metastatic tumor of tricuspid valve arising i: 
# case of malignant teratoma of testis 
749 

Methylene blue an for 
poisoning, 166 

Metycaine, comparison of, with 
procaine on experimental 

Microblood sugar determinations, a 
light filter for, 667 

Microcolorimetric method, Kuttner-Lichten 
stein, for the determination of organi 


as antidote anilin dy 
cocaine an 
animals, 12 
simpl 


phosphorus, note on the procedure ir 
1012 


Microincineration method, histochemical studic 
of organs of tumor-bearing rats by) 
1293 
Micro-Kjeldahl digestion process, a 
device to be used in connection 
672 
Micromethod for estimating iodine, 557 (Abst 
for quantitative estimation of blood proteins 
555 (Abst.) 
Microscope adapter fer hand spectroscope, 
new, 755 
objective, using a ‘“‘dry,”’ 
jects, 910 (Abst) 
Microtitrations, simple 
making, S97 
Microtome knives, a 
ener for, 199 
brom-thymol-blue reaction” in 
drawn, a study of, 439 (Abst.) 
examination of, for members of Excherichia 
Aerobacter group, 1145 (Abst.) 
preservation of, for streptococcus and abortu 
examination, 905 (Abst.) 
of glycerol as a preservative for speci 
mens to be examined for hemolytic 
streptococci, 104 (Abst.) 
Mineral water, experiments in use of, in man 
agement of diabetes mellitus, 10SS 
Molds, air-borne, 111 (BE) 
Moniliasis of the biliary tract, 379 
Monocytes, intracellular structures in, in case 
of malignant disease, 917 
Mononucleosis, infectious: a diagnostic test for 
7 (Abst.) 
pentobarbital 
202 
the study 
stain that advances, 1247 (Abst.) 
Much, modified Gram stain of, 422 
Museum jars, electrical tool for sealing, a 
ple and efficient, 197 
Myelosis, aleucemic, 1022 (Abst.) 
chronic, in children, 713 


simpl 
wit! 


on uncovered ob 


reservoir buret fe 


simple automatic shar; 


Milk, freshl 


use 


217 
Morphine 
surgery, 
Morphology, cell, 


anesthesia for dog 


of, differential 


sim- 


N 


Nusopharyngeal flora and some remarks as to 
their relation to Common colds, S77 
Nembutal, some experimental studies on, 738 
Neosalvarsan, treatment of bronchopulmonary 
suppuration of fusOspirochetal etiology 
with small doses of, 66 
Nephritis, chronic and retention uremia, blow: 
cholesterol in, 906 (Abst.) 
types of, and their management, 1348 (Abst.) 
Nerves, cranial, outline of, 10S (B. Rev.) 
Nesslerization method for urea nitrogen ir 
blood where commercial urease is em- 
ployed, a direct, 659 
a sodium tungstate, note on determination 
of blood urea by direct—sulphosalicyli 
acid filtrate, 7S3 
Neutropenia, benign and 
(Abst.) 
Neutrophil in pernicious anemia, 331 
Newborn, sedimentation reaction in, 
News item, 224 
Nitrogen metabolism, 925 
total nonprotein, and chloride concentratior 
in blood following glucose ingestior 
variations of urea, 474 
Normale und pathologische 
Milz, 911 (B. Rev.) 


of 


malignant, 1350 
(Abst.) 
O44 


ale 


Physiologie 


O 


hypertension, and hyperglycemia, 441 
(Abst.) 

Occlusion, coronary, and 

Oleic acid on choleresis, 


bile salts and, 567 


Obesity, 


death, 1272 
effects o 


sudden 
combined 





SUBJECT 


)psono-eytophagic power of blood and allergic 
skin reaction in brucella infection, a 
study of, 1024 (Abst.) 

ral infection, blood picture in, 1079 

yrganic phosphorus, determination of, Kut- 

tner-Lichtenstein microcolorimetric 

method for, note on the procedure in, 

1012 

of tumor-bearing rats, histochemical 

studies of, by microincineration method, 

1293 

itto test for strychnine, a study of, 40 

ivulation test, Friedman rabbit, in differen- 
tial okstetric diagnosis, 1083 

rabbit, for pregnancy, 445 (Abst.) 

ixygen and iron capacity methods, hemoglobin 
and blood cell relations as determined 
by, SS6 

therapy, observations on, 


(reans 


1164 


P 
ancreas, carcinoma of, 1058 
‘arachlorophenol, derivatives of, S35 
arasites, intestinal, relative incidence of, in 
hospital patients in rural Tennessee, 
118 
Paresis, spinal fluid in treated and untreated 
cases of, a comparison of Wassermann 
and Kahn reactions upon, 546 
whole blood in, effect of hyperpyrexia upon 
phosphorus partition of, 1045 
test in diagnosis of contact dermatitis, 
noo (Abst.) 
ointment, 1138 (Abst.) 
Vathogenic bacteria tn immune blood, growth 
of, 77 
Pathology, textbook of, 913 (B. 
Pellagra blood, a chemical 
(A\bst.) 
review of with special reference to 
gastric secretions, 21S (Abst.) 
Pentobarbital anesthesia, morphine, for dog 
surgery, 202 
Pentobarbital-sodium (nembutal), some experi- 
mental studies on, T3S 
Pentosuria, studies in, 214 (Abst.) 
Peptic uleer, blood lipase in patients 
1054 
mechanism of pain in, studies of. 47 
Perennial treatment of hay fever, 4S1 
Perfusion apparatus, an easily assembled, 
recording, S9 
Peritoneal cavity, changes in 
fluids injected into, 679 
infections, changes in 
injected into 
(\bst.) 
Pernicious anemia, neutrophil in, 331 (Abst.) 
phytopharmacology of stomach washings 
in various digestive disorders and, 155 
salivary amylase in patients with, a study 
of, 504 
Pertussis, occurrence of 
lus, 103 (Abst.) 
production of antipertussis 
titer, 101 (Abst.) 
Pharmacology of local anesthetics, 
10 
Phenol derivatives, fungicidal power of, 1216 
Phenophthalein, laxative activity of value of 
the monkey for the study of, especially 
in comparing different samples of the 
drug, 1213 
Phosphorus and ealecium, 
blood serum of 
(\bst.) 
organic, determination of, note on the pro- 
cedure in Kuttner-Lichtenstein micro- 
colorimetric method for, 1012 
partition of whole blood in paresis, effect of 
hyperpyrexia upon, 1045 
Photography, invisible screen, 440 (Abst.) 
Physikalische Seite des Blutgerinnungs prob- 
lems un ihre praktische Bedeutung, 
1027 (B. Rev.) 
Physiologic and pathologie 
skin, studies of, 654 
Phytopharmacology of stomach washings in 
various digestive disorders and perni- 
cious anemia, 155 
Pigment studies, 951, 954 
Pipette washing device, 94 


Patch 


Rev.) 
peculiarity of, 329 


Cases 


with, 


self- 
composition of 
(Abst.) 


composition of fluids 
peritoneal cavity, 679 


Bordet-Gengou bacil- 
serum of high 


studies in, 


concentration of, in 
normal children, 679 


chemistry of the 
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Pipettes, calibration of white blood cell dilu- 
tion, 95 
simple method of drying, 382 
Plasma bilirubin, estimation of, 1122 
cholesterol in whole blood, serum and, a sim- 
plified microdetermination of, S883 
proteins, effects of diathermy and infection 
on, relative, plasma viscosity and sus- 
pension stability of the blood in dogs, 
571 

viscosity, relative effects of diathermy and 
infection on, plasma proteins and sus- 
pension of stability of blood in dogs, 
oe 

Pneumonia, causative organisms of, in 
dren in Egypt, 751 

epidemiology of, 675 (Abst.) 

in infants, due to B. mucosus-capsulatus, 106 
(Abst. ) 

in newborn and stillborn infants, 1141 (Abst.) 

lobar epidemiology of, 1148 (Abst.) 

relation of pneumococcus chain formation 
to prognosis in, 1156 

significance of newly classified types of pneu- 
mococeci in disease, 674 (Abst.) 

specific serum treatment of Type I, 101 
(Abst.) 

Type I pneumococcus, value of skin test with 
type-specific capsular polysaccharide in 
serum treatment of, 441 (Abst.) 

Pneumococei in disease, significance of newly 
classified types of, 674 (Abst.) 
Pneumococecus chain formation, 1156 

specific precipitation test for standardization 
of Type | antipneumococcus serum, 211 
(Abst.) 

Poisoning, cocaine, as influenced by diets, S75 
Polyeythemia, benign familial, 560 (Abst.) 
Polymorphonuclear count in) rheumatoid 
mixed arthritis, sedimentation 
and, SSO 
Potassium, partition of, between serum 
corpuscles in health and disease, ¢ 
Potentials, electrode for measurement of, an 
improved, on the human body, 125 
Precipitate, measurement of volume of, de- 
termination of serum protein by, 1520 
Pregnancy, anemia in, 1358 (1) 
in, etiology and treatment of, 
blood in normal, 1142 (Abst.) 
studies, of, in normal, 1248 (Abst.) 

Friedman test for, observations on the tech- 
nic of, 1224 

hormone diagnosis of 
(Absts.) 

rabbit ovulation test for, 445 (Abst.) 

sex determination test of Dorn and 
man, 1347 (Abst.) 

toxemias of, 928 

urea clearance test in, 677 (Abst.) 

Voge bromine tests of urine for, five hundred 
and nineteen, 155 

Preservation of biologic specimens, 774 
Preventive medicine, outline of, 109 (B. Rev.) 
Prostate gland, metaplastic changes in, 301 
Proteins, blood, micromethod for quantitative 
estimation of, 555 (Abst.) 
serum, diagnostic value of changes in 
azar, SoS (Abst.) 
Psychodometer, a simplified, 1258 
Puerperal infection, relationship between cxog- 
enous” throat streptococci and, 104 
(Abst.) 
Pulmonary artery 
and 
PHD 
tuberculosis, advanced, liver function in, 794 
(Abst.) 
Vitamin therapy in, 966 
Punctate stippling as found in lead poisoning 
of wild ducks, a study of, 514 
Pyogenic bacteria in alimentary tract of sur- 
gical maggots implanted in infected 
wounds, destruction of, 5S1 


chil- 


and 
rate 


and 
3 


1249 (Abst.) 


Viability of, 105, 674 


Sugar- 


Kala 


in heart disease, embolism 
thrombosis of large branches of, 


Q 


Quantitative determination of chloral hydrate 
in blood and urine, 1332 
estimation of bile pigments, 
of bilirubin in bile, use of hydrogen perox- 

ide in, 745 
Quinidin 
auricular fibrillation, a study 


studies on, 723 


effects on ambulatory patients with 


of, 232 





SUBJECT 


R 


ovulation test, Friedman, in 
tial obstetric diagnosis, 1053 
Radiopaque mass, Hill's, for the injection of 
lumina, a modification of, 1241 
tuchitogenic diet, variability in corn 
ponent of a, “90 
Rack for Smith fermentation 
tubes, 553 
Reaction, Diazo, for detection of certain local 
anesthetics in urine and in tissues, 101% 
on a brown skin-adrenalin color, 951 
Sachs-Witebsky, for diagnosis of 
value of, 907 (Abst.) 
sedimentation in the newborn, 944 
Reactions, intracutaneous, induced in guinen 
pigs inoculated with B. abertus, 5S9 
Kolmer, Kahn, and Meinicke, in the tropics, 
TSO 
Recording system, an automatic-filling ink, 
and permanent type water manometer, 


Rabbit differen- 


com- 


tubes and “U" 


syphilis, 


Red Blood cell count and hemoglobin in the 
adolescent male, a study or, 17z 
diameters, 353 (B. Rev.) 
cells in man, elliptical, 612 
corpuscles, fragility test of, a 
performance of, 1009 

Reflex eosinophilia, 486 
Renal function, fractional phenolsulphoneph- 
thalein test in Bright's . 351 
( Abst.) 
in persons with one kidney, 329 (Abst.) 
tests, normal variations in, 5329 (Abst.) 
Respiration of rabbits) Krogh type of spirom- 
eter for studying, a method of damp- 


ing, 155 
‘ 


dropper for 


dise:se 


Reticulocytes, 
new method enumeration, 448 (Abst.) 
production of, erythrocytes and hemoglobin 

in anemia, 907 (CAbst.) 

Reticulo-endotheliosis, leucemia, 1250 (Abst.) 

Rheumatic carditis, treatment of, with aqueous 

extracts of streptococci, HO5 
disease, blood lipids in children with scarlet 
fever and, 1246 (Abst.) 
intravenous vaccination 
cocci, DOS CAbst.) 
Rheumatoid and mixed arthritis, sedimenta- 
tion rate and polymorphonuclenr count 
in, SOO 
arthritis, 1142 (.A\bst.) 
conditions, glutathione content of 
chronic arthritis and, 1151 
Ricinoleate, sodium, 462, 46S 
chemotherapeutic studies with, 972 

Rosenthal, Kolmer-Wassermann, and 

tests for syphilis, compurison of, 1357 

inoculating table, «a simple, 66S 


} 
129 
rf 


fever, with strepto- 


blood in 


Kahn 
Rotary 
Ss 
Salivary amylase in patients with pernicious 
anemia, a study of, 504 
Salmonella suipestifer infection in a 
G78 (Abst.) 
in man, 211 (.Abst.) 
Salyrean, effect of, anil 
disappearance of 
edema, 243 
filtration, an 
clearing of 
medin, 195 
fever and rheumatic disease, blood 
lipids in children with, 1246 (Abst.) 
effect of tonsillectomy on the development 
of immunity to, as shown by Dick test. 
216 (Abst.) 
heterologous, 216 (Abst.) 
Schilling differential blood 
diseases, G44 
Schizophrenia, blood sugar in, 792 ( Abst.) 
Schultz-Chariton test, 1022 (Abst.) 
Secretary, medical, 110 (B. Rev.) 
Sedimentation rate and polymorphonucleat 
count in rheumatoid and mixed arthri- 
tis, S30 
reaction in the newborn 44 
test in dermatology, 215 (Abst.) 
time of blood, 1010 
Semen, a differential stain that advances the 
study of cell morphology, 1247 (Abst.) 
of syphilis, studies in, 621 


child, 


X-ray on the rate of 
: thrombophlebitic 
Sand rapid 
culture 


ndaptation of, to 
heavy bacterial 


Scarlet 


count in tropical 


Serology 


INDEX 


and corpuscles in health and disea 
partition of potassium between, 655 
blood, light filtering index of, T05 
tryptophane content of, 1115 
calcium, in normal boys, 440 (Abst.) 
cholesterol in whole blood, plasma and, 
simplified microdetermination of, SS3 
protein, determination of, by measuremet 
of volume of precipitate, 1320 
diagnostic value of changes in kala 
DoS) (Abst.) 
in diseases not primarily affecting th 
cardiovascular system or kidneys, 154 
(Abst. ) 
test for syphilis, choosing, 275 
therapy and vaccine, recent 
13483 (B. Rev.) 
Sex determination test of Dern an-l Sugarm: 
1347 ( Abst.) 
hormones, some pitfalls in the study 
(ie) 
Sharpener for microtome 
automatic 199 
shock, blood concentration incident to, 
in, 295 
Sickle cell anemia, 507 
with autopsy findings, a 
126 
Silicosis, patnology of 
«A\bst.) 
silica content of lungs of a 
workers, 1351 (Abst.) 
silicon dioxide content of lungs in health an 
disease, 219 (Abst.) 
Silver nitrate reaction and 
diagnosis of diseases of 
(.Abst.) 
Skin, chemistry of, studies of 
pathologic, 654 
temperature, effect of 
test, intracutaneous, Comparison of 
values of, and of pathogen-sslectiy 
culture in selecting bacteria for var 
cines from mixed cultures, 439 (.Abst.) 
value of, with type-specific capsular poly 
saccharide in serum treatment of Typ: 
lL pneumococcus pneumonia, 441 (Abst. ) 
traumatic epithelial cysts of, 1250 
(.Abst.) 

Skin-adrenalin color reaction, on a brown, 951 
Smallpox, hemorrhagic, hemolytic streptococci 
isolated from, studies on, 2S0 
Smith fermentation tubes and “*U"’’ tubes, spe 

cial rack for, 553 
Sinoking, effect of, on skin temperature, 962 
Sodium oxalate to normal and thyroparathy 
roidectomized cats, a study of blood 
calcium after the administration of, 
142 


serum 


AZiAl 


advances it 


Knives, a 


fatal cause of 
so-called acute, 155 
group of tunne 


its applies bility t 
liver, 90 


physiologic an: 


smoking on, 2 
relative 


iissue, 


ricinoleate, 12, 46S 
chemotherapeutic studies with, 972 


treatment of irritable colon with, 254 
taurocholate ard virulence of human tuberch 
bacilli, 1179 
Sovicin (sodium ricinoleate), Chemotherapeutic 
studies with, 972 
Specific gravity of blood in human cancer, 9S} 
Spectrophotometric investigation and determi 
nation of bilirubin, 593 
Spectroscope, hand, a new microscope adaptet 
for, TAS 
Spezifizitit der serologischen 
(B. Rev.) 
fluid in meningitis, 
(Abst.) 
sugar determinations in experimental hypo 
glycemia of dogs, 1049 
Wassermann and Kahn reactions upon, 
comparison of, in treated and untrente: 
eases of paresis, 546 
Spirocheta pallida, a new method of 
332 (Abst.) 
Spirochetes, oral, and related organisms it 
fusospirochetal disease, 10S (B. Rev.) 
spirometer for studying the respiration of rab 
bits, a method of damping the Krog! 
type of, 133 
Spleen visualization, mechanics of, by means 
of metallic compounds, in particulal 
thorium, 511 
Sputum examination, 
with negative, 
441 (Abst.) 


Reaktionen, $15 


Spinal lactic acid of, 219 


staining, 


pulmonary tuberculosis 
gastric examination it 





SUBJECT 


Sputum, Cont'd 
number of tubercle bacilli in, a technic for 
estimating, 328 (Abst.) 
tubercle bacilli in, heavy drop method for 
demonstration of, 445 (Abst.) 
Stain, differential, that advances study of cell 
morphology, 1247 (Abst.) 


tissue, hydrolyzed adrenalin as, on impor- 


tance of, 954 : , 
Stnining of frozen sections, preparation and, 
D0O4 


i treatment of 
behavior of 
lesion 


Staphylococcus skin infections, 
acute, with bacteriophage, 
bacteriophage and bacteria in 
after, 1257 

Statistical interpretation, hazards of, 914 (Ie) 

Stedman's medical dictionary, 1028 (B. Rev.) 

Sterile maggots for surgical use, effects of low 

temperature retardation in culture of, 

6S3 
indicators, use of, studies on 
glove sterilization and, 3S2 

Stomach lavage, crystalline elements in, of 
patients with cholelithiasis, 959 

washings, phytopharmacology of, in various 
digestive disorders and pernicious ane- 
mia, 155 
Streptococci, aqueous extracts of, treatment of 
rheumatic carditis with, 695 
hemolytic, isolated from hemorrhagic small- 
pox, studies on, 2S0 
properties of mastitis, 1347 (Abst.) 
significance of, that resemble diphtheroids 
recovered from blood cultures in sub- 
acute bacterial endocarditis, 1504 

Stroke volume of heart, determination of, 994 

Strychnine, Otto test for, a study of, 40 

Sugar determinations microblood, a simple 
light filter for, 667 

sSulphosalicylic acid filtrate—sodium tungstate, 
direct nesslerization of, note on the de- 
termination of blood urea by, 783 

Sulphydryl and cellular multiplication, 6S1 (Ie) 

Surgery, dog, morphine pentobarbital anesthe- 
sia for, 202 

Surgical maggots in 
wounds, 339 

pyogenic bacteria in alimentary tract of, 
iAplanted in infected wounds, destruc- 
tion of, 5S1 
pathology, 110 (B. Rev.) 
tuberculosis, diagnosis of, 309 
use, sterile maggots for, effects of low tem- 
perature retardation in culture of, 6S5 

Sweat glands, benign adenoma of, SSt 

Swimming pools, disinfection of, some fuctors 
involved in use of chloramines for, 
1346 (Abst.) 

Syvnthalin in diabetes mellitus, use of, 1067 

Syphilis, blood cytology in treated and = un- 
treated, 1025 (Abst.) 

conjugal, a statistical study, 910 (Abst.) 
diagnosis of, value of Sachs-Witebsky re 
action (citochol) for, 907 (Abst.) 
flocculation tests for, 55S (Abst.) 
history and epidemiology of, 447 (B. Rev.) 
origin of, 448 (1) 
reaction, new, M. Kk. 
fluids, 51S 
serodiagnosis of, 101 (Abst.) 

of, studies in, 621 

serum test for, choosing, 275 

tests for, Kolmer-Wassermann, Kahn, 

Rosenthal, comparison of, 1337 
transference of inguinal glands in 
1249 (Abst.) 


Sterility rubber 


treatment of infected 


R. Il in cerebrospinal 


serology 
and 


human, 


= 
Table, dog-operating, 1117 
Temperature retardation, effect of low, in cul- 
ture of sterile maggots for surgical use, 
6OS3 
skin, effect of smoking on, 962 
Teratoma, malignant, of testis, metastatic 
tumor of tricuspid valve arising in a 
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